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Water   Power  in   South   Africa 


Electricity   from    Victoria    Falls 


I 


N  November,  1855,  when  Dr.  Liv- 
ingstone and  Mr.  Oswell  reached 
the  Zambesi,  the  wondrous  falls 
of  that  river  were,  for  the  first  time, 
looked  upon  by  European  eyes,  and 
thes~  British  travelers  gave  to  them 
the  name  of  the  much  lamented 
Queen.  They  had  often  heard  of  the 
falls,  known  by  the  natives  as  "Mosi 
oa  tanya"  ("Smoke  does  sound 
there")  since  they  first  entered  their 
country;  but  the  exact  locality  was 
not  accurately  known.  In  fact,  the 
natives  regarded  the  falls  with  such 
awe  that  they  viewed  them  only  from 
a  distance,  whence  they  could  observe 
the  great  columns  of  spray  and  hear 
the  distant  roar  as  the  cascade  fell 
into  the  stupendous  gorge.  In  their 
simplicity  the  natives  supposed  that 
the  spray  was  smoke,  and  they  asked 
Dr.  Livingstone  whether  in  his  coun- 
try there  was  such  a  thing  as  "smoke 
that  sounds." 

It  is  a  remarkable  fact  that,  in  well- 
executed  maps  based  on  Portuguese 
discoveries,  dated  1662,  copies  of 
which  are  to  be  seen  in  the  British 
Museum,  the  general  course  of  the 
river  "Zambere,"  which  doubtless  is 
the  same  as  "Zambesi,"  is  shown,  and 
the  position  also  of  gold  and  diamond 
fields  is  indicated;  and  not  only  the 
sources  and  course  of  the  Blue  and 
White  Niles  and  the  two  large  lakes 
or  Nyanzas  from  which  they  flowed, 
but  also  the  river  Zaire  or  Congo 
flowing  out  from  a  lake  and  making- 
its  great  bend  by  the  Aruimi,  whilst 
on  the  other  hand,  a  mythical  state- 
ment appears  thereon  to  the  effect 
that  in  Tanganzika  or  "Zaire  Lacus," 
as  it  was  then  known,  "Tritons,  Mer- 
maids and  Sirens  are  said  to  be."  The 
great  discoveries  of  Speke  and  Grant, 
of  Livingstone,   Baker,   and   Stanley, 


By   FRANCIS    FOX 

were,  in  fact,  re-discoveries  of  things 
which  had  been  ascertained  and 
mapped  out  by  the  Portuguese  and 
afterwards  lost. 

Approaching  the  falls  from  the 
north,  Dr.  Livingstone's  description 
of  his  visit  is  well  worth  recording: — 

"After  twenty  minutes'  sail  from 
Kalai,  we  came  in  sight,  for  the  first 
time,  of  the  columns  of  vapor,  appro- 
priately called  'smoke,'  rising  at  a  dis- 
tance of  five  or  six  miles,  exactly  as 
when  large  tracts  of  grass  are  burned 
in  Africa.  Five  columns  now  arose, 
and,  bending  in  the  direction  of  the 
wind,  they  seemed  placed  against  a 
low  ridge  covered  with  trees ;  the  tops 
of  the  columns  at  this  distance  ap- 
peared to  mingle  with  the  clouds. 
They  were  white  below,  and  higher 
up  became  dark,  so  as  to  simulate 
smoke  very  closely. 

"The  whole  scene  was  extremely 
beautiful:  the  banks  and  islands  dotted 
over  the  river  are  adorned  with  sylvan 
vegetation  of  great  varietv  of  color 
and  form.  But,  though  we  had 
reached  the  island  in  the  middle  of  the 
falls,  and  were  within  a  few  yards  of 
the  spot,  a  view  from  which  would 
.solve  the  whole  problem,  I  believe 
that  no  one  could  perceive  where  the 
vast  body  of  water  went;  it  seemed  to 
lose  itself  in  the  earth,  the  opposite  lip 
of  the  fissure,  into  which  it  disap- 
peared, being  only  80  feet  distant.  At 
least  I  did  not  comprehend  it  until, 
creeping  with  awe  to  the  verge,  I 
peered  down  into  a  large  rent,  which 
had  been  made  from  bank  to  bank  of 
the  broad  Zambesi,  and  saw  that  a 
stream  of  a  thousand  yards  broad 
leaped  down  a  hundred  feet,  and  then 
became  suddenly  compressed  into  a 
space  of  fifteen  or  twenty  yards.  The 
entire  falls  are  simply  a  crack  made  in 


a  hard  basaltic  rock  from  the  right  to 
the  left  bank  of  the  Zambesi,  and  then 
prolonged  from  the  left  bank  away 
through  thirty  or  forty  miles  of  hills. 

"In  looking  down  into  the  fissure 
on  the  right  of  the  island,  one  sees 
nothing  but  a  dense  white  cloud, 
which,  at  the  time  we  visited  the  spot, 
had  two  bright  rainbows  on  it.  From 
the  cloud  rushed  up  a  great  jet  of  va- 
por exactly  like  steam,  and  it  mounted 
200  or  300  feet  high;  there  condens- 
ing, it  changed  its  hue  to  that  of  dark 
smoke,  and  came  back  in  a  constant 
shower,  which  soon  wetted  us  to  the 
skin.  This  shower  falls  chiefly  on  the 
opposite  side  of  the  fissure,  and,  a  few 
yards  back  from  the  lip,  there  stands 
a  straight  hedge  of  evergreen  trees, 
the  leaves  of  which  are  always  wet. 
From  their  roots  a  number  of  little 
rills  run  back  into  the  gulf;  but,  as 
they  flow  down  the  steep  wall  there, 
the  column  of  vapor,  in  its  ascent, 
licks  them  up  clean  off  the  rock,  and 
away  they  mount  again.  They  are 
constantly  running  down,  but  they 
never  reach  the  bottom. 

"I  saw  the  falls  at  low  water,  and 
the  columns  of  vapor,  when  five  or  six 
miles  distant.  When  the  river  is  full, 
or  in  flood,  the  columns,  it  is  said,  can 
be  seen  ten  miles  off,  and  the  sound  is 
quite  distinct  somewhat  beyond  Kalai, 
or  about  an  equal  distance.  J\To  one 
can  then  go  to  the  island  in  the 
middle." 

As  soon  as  the  "Trans-continental," 
or  "Cape  to  Cairo"  Railway,  which  is 
already  running  as  far  as  Bulawayo, 
and  is  practically  completed  for  100 
miles  beyond,  reaches  the  falls,  the 
survey  and  preliminary  works  for  a 
great  installation  of  electric  power 
plant  will  commence. 

The  accompanying  illustrations  of 
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the  various  portions  of  the  Victoria 
Falls  will,  in  conjunction  with  the  two 
maps  which  show  the  comparative 
widths  of  the  Niagara  and  Victoria 
Falls,  serve  to  give  some  idea  of  their 
magnitude.  In  the  Niagara  River 
there  are  two  falls,  the  American  Fall, 
and  the  Canadian,  or  Horse-Shoe, 
Fall,  separated  by  Goat  Island,  the  en- 
tire width  being  about  half  a  mile. 
The  total  height  is  from  about  158  to 
167  feet,  and  the  estimated  average 
horse  power  running  to  waste  is 
7,000,000. 

In  the  case  of  Victoria  Falls  there 
are  three  islands,  the  center  one 
known  as  Livingstone  Island,  as  it 
was  here  that  the  doctor  planted  a 
number  of  fruit  trees,  all  of  which 
were  destroyed  by  the  hippopotami. 
The  entire  width  is  about  a  mile,  the 
height  of  the  falls  is  from  400  to  420 
feet,  and  when  the  river  is  in  flood  it 
is  estimated  that  the  volume  of  water 
is  about  double  that  of  Niagara,  giv- 
ing about  35,000,000  H.  P.  as  running 
to  waste.  During  the  dry  season  this 
is  much  reduced;  but,  even  in  the  dry- 
est  years,  the  volume  passing  over 
the  lip  is  very  large.  One  of  the  most 
remarkable  features  of  the  place  is  the 
gorge,  which  is  entirely  cut  out  of 
basalt,  and  runs  zigzagging  for  many 
miles.     Of    this    an    excellent    photo- 


reproduction     is 


given 


on 


graphic 
page  2. 

The  "Cape  to  Cairo"  Railway  will 
traverse  the  peninsula  of  rock  imme- 
diately in  front  of  the  falls,  and  will 
cross  the  gorge  by  the  bridge  shown 
on  page  5.  The  clear  span  of  the  arch 
of  this  bridge  will  be  500  feet,  and  the 
height,  400  feet  above  the  river,  in 
consequence  of  which  no  staging  nor 
scaffolding  can  be  employed  in  its 
erection.  The  proposed  bridge  is  in- 
tended to  be  built  out  from  each  bank 
of  the  ravine,  on  the  cantilever  princi- 
ple, until  the  steelwork  of  the  arch 
meets  in  the  center.  The  width  of 
the  bridge  will  be  sufficient  for  a  dou- 
ble line  of  railway,  and  on  a  lower 
level  provision  will  be  made  for  the 
addition  at  a  future  date  of  a  roadway 
for  vehicles  and  pedestrians,  thus 
affording  a  much-needed  communica- 
tion across  the  Zambesi. 

The  actual  position  of  the  town, 
which  will  inevitably  spring  up  adja- 
cent to  the  falls,  has  not  yet  been 
definitely  decided;  but  it  will  probably 
be  on  the  south  side,  and  here  will  be 
built  a  suitable  hotel,  for  the  accom- 
modation of  traders  and  travelers,  and 
to  which  visitors  will,  doubtless,  flock 
from  all  parts  of  the  world. 

Some  time  ago  the  falls  were  visited 
by  Sir  Charles  Metcalfe,  Bart.,  who, 


with  Sir  Douglas  Fox,  is  one  of  the 
consulting  engineers  to  the  British 
South  Africa  (Chartered)  Company. 
Upon  his  return  from  the  falls  he  com- 
municated his  impression  of  their 
possibilities  to  the  late  Right  Hon. 
Cecil  Rhodes,  and  the  latter,  with  his 
usual  receptivity  of  large  ideas,  at 
once  took  action  in  the  matter,  and 
initiated  the  arrangements  now  in 
progress  for  utilizing  the  power. 

Before  describing  generally  what  is 
intended  to  be  done  to  utilize  the 
power  by  harnessing  some  portion  of 
the  falls,  it  will  be  desirable  to  ascer- 
tain what  has  already  been  accom- 
plished in  other  places  up  to  the  most 
recent  date.  Electrical  science  is  de- 
veloping with  such  giant  strides  that 
even  the  last  two  years  have  produced 
unlooked-for  results. 

The  two  great  questions  which  have 
to  be  answered  are,  first,  to  what  dis- 
tance can  electrical  energy  be  trans- 
mitted with  practical  and  economical 
results;  and  second,  what  is  the  limit 
of  voltage  which  can  be  adopted  in 
various  climates  ? 

In  the  United  States  the  application 
of  water  power  has  been  largely  de- 
veloped. The  works  of  the  Niagara 
Falls  Power  Company  at  present  pro- 
vide 50,000  H.  P.,  upon  which  practi- 
cally 500,000  people  are  dependent  in 


January,  J  904 


THE      ELECTRICAL      AGE 


Niagara,  Lockport,  Tonawanda,  and 
Buffalo.  The  current,  generated  at 
2200  volts,  is  transmitted  at  a  pressure 
of  22,000  volts  by  overhead  transmis- 
sion lines  to  a  point  35  miles  distant, 
the  loss  in  transmission,  including 
step-up  and  step-down  transformers, 
being  about  12^  per  cent.;  but  for 
local  distribution,  where  underground 
cables  are  requisite,  10,000  volts  are 
the  maximum  pressure  at  present 
adopted.  This  installation  is  now  be- 
ing increased  to  secure  a  total  of 
110,000  H.  P. 

When  one  considers  the  various 
purposes  to  which  electric  power  is 
applied  in  the  Niagara  district,  it  is  at 
once  apparent  that  in  a  highly  min- 
eralized country,  such  as  Rhodesia, 
the  applications  of  electricity  will,  in 
due  time,  be  almost  numberless.  At 
present  the  power  of  Niagara  is  used 
for  the  following  purposes  amongst 
others,  in  many  of  which  the  electric 
furnace  plays  an  important  part: — 
The  manufacture  of  aluminum;  op- 
eration of  water  works,  alkali  works, 
and  carborundum  and  graphite 
works;  acetyvone  manufacture;  elec- 
tric lighting;  reduction  of  ores;  manu- 
facture of  flax  fiber;  electric  railways; 
lead  reduction;  in  operating  a  natural 
food  factory;  a  hook  and  eye  factory; 
carbide  works;  chemical  works;  em- 
ery-wheel factory;  switch  and  crossing 
works;  paper  factory;  pulp  factory; 
and  biscuit  factory.  The  possible  ap-- 
plications  are  capable  of  almost  un- 
limited extension. 

It  may  be  well  to  point  out  wherein 
lies  the  great  advantage  of  the  electric 
furnace.  In  an  ordinary  furnace  sup- 
plied with  coal,  coke,  or  wood  fuel  the 
heat  depends  upon  an  ample  supply  of 
air,  with  its  component  of  23  per  cent, 
of  oxygen.  The  more  air,  the  fiercer 
the  heat;  but,  in  the  electric  furnace, 
neither  oxygen  nor  air  is  required  to 
produce  the  highest  temperatures, 
such  as  are  unattainable  by  any  other 
known  means,  and  consequently  the 
furnace,  which  is  closed  so  that  air 
cannot  enter,  may  be  supplied  with 
any  combustible  matter  found  to  be 
the  most  eligible  for  the  particular 
process  in  hand.  Perhaps  an  excep- 
tion should  be  made  of  '"thermite,"  in 
which  aluminium  is  used  for  reducing, 
in  a  simple  and  expeditious  manner, 
the  most  refractory  ores  of  such  met- 
als as  chromium,  cobalt  and  tungsten, 
provided  that  they  are  in  the  forms  of 
oxides. 

The  most  familiar  instance  of  an 
electric  furnace  is  the  ordinarv  electric 
incandescent  lamp.  In  this  a' fine  fila- 
ment of  charcoal  is  heated  to  a  glow- 
ing incandescence  by  the  electric 
current.  Were  it  exposed  to  air,  it 
would  instantly  be  consumed;  but,  be- 
ing in  a  high  vacuum,  it  cannot  burn. 
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In  like  manner  the  most  inflammable 
material,  phosphorus,  which  will  burst 
into  flame  when  exposed  to  a  tem- 
perature of  only  550  C,  can  be  re- 
duced and  its  \  apor  can  then  be  raised 
to  a  temperature  of  15000  to  20000  C. 
without  combustion,  by  keeping  the 
furnace  supplied  with  carbon,  so  that 
there  is  nothing  with  which  it  can 
combine. 

It  is  probable  that  the 
highest  temperature  attain- 
able from  fuel  is  about 
2000 °  C,  whereas  the  theo- 
retical temperature  avail- 
able in  the  electric  furnace 
is  about  18,000°  C.  Chem- 
ical reactions  at  high  tem- 
peratures have  only  within 
the  last  ten  years  been 
practically  attained,  and  an 
unlimited  field  for  investi- 
gation and  for  employ- 
ment is  thrown  open  by 
the  development  of  the 
science  of  electro-chemis- 
try. Take,  for  instance, 
the  manufacture  of  carbide 
of  calcium, — a  product 
w  h  i  c  h  was  discovered 
quite  by  accident;  or  of 
carborundum,  for  obtain- 
each  beginning  with  the 
letter  S,  namely,  sand, 
sawdust  and  salt,  are 
mixed  in  certain  propor- 
tions and  placed  in  a  suit- 
able furnace.  After  pass- 
ing the  Niagara  current 
through  the  charge  for  fif- 
teen hours,  the  product  is 
a  mass  of  crystals  of  metal- 


lic lustre  and  of  beautiful  form,  with 
a  degree  of  hardness  ranking  next  to 
the  diamond.  The  material  is  used 
as  an  abrasive,  much  in  the  same  way 
as  is  emery. 

Electrical  energy  can  also  be  ap- 
plied with  great  advantage  to  pump- 
ing water  out  of  mines,  ventilating 
underground  workings,  hauling  of 
wagons  from  the  deep  levels,  driving 
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drills, — in  fact,  doing  a  wide  variety  of 
work.  Hitherto  in  deep  mines,  in 
which  water  has  been  encountered  in 
quantity,  the  shaft  is  largely  occupied 
by  the  heavy  pumping  rods  and  gear, 
which  machinery  not  only  encumbers 
the  available  space,  but  also  is  waste- 
ful,    because     of     the     reciprocating 


movement  of  the  various  parts.  Since 
the  introduction  of  the  admirable  sys- 
tem of  centrifugal  high-lift  pumps  the 
shafts  where  they  have  been  adopted 
have  been  cleared  of  pumping  ma- 
chinery, the  only  remaining  parts 
being  the  necessary  rising  main,  and 
an  electric  cable. 


THE  PROPOSED   BRIDGE   OVER  THE  ZAMBESI   RIVER   AT  VICTORIA   FALLS,   ON   THE  RHODESIA 
RAILWAY.      SPAN,    500   FEET  J    HEIGHT,   ABOVE   WATER,   4OO  FEET 


The  silver  mines  of  Horcajo,  in 
Spain,  have  gathered  round  them  a 
population  of  5000  people.  The  depth 
at  present  is  1280  feet,  which  is  being 
increased  about  18  feet  a  year,  the 
total  future  depth  being  placed  at 
1640  feet.  The  pumping  is  done  by 
high-speed,  compounded,  centrifugal 
pumps,  driven  electrically.  Each 
pump,  on  an  average,  lifts  through 
about  400  feet,  and  this  arrangement 
has  solved  the  important  problem  of 
how  the  mine  was  to  be  unwatered. 

Formerly,  powerful  Cornish  pump- 
ing engines  had  been  fixed  at  great 
expense,  and  had  proved  both  costly 
and  unsatisfactory  in  working;  but,  by 
the  adoption  of  centrifugal  pumps,  all 
spears  and  rods  have  been  dispensed 
with,  all  reciprocating  motion  has 
been  avoided,  and  the  ascending  col- 
umn of  water  is  kept  in  constant  mo- 
tion, thus  avoiding  the  serious 
hydraulic  blows  which  formerly  burst 
the  strongest  pipe. 

At  a  large  colliery  in  South  Dur- 
ham spear  rod  pumps,  lifting  1000 
gallons  per  minute  against  a  head  of 
400  feet,  have  been  removed,  and 
three-throw  pumps,  electrically  driv- 
en, have  been  substituted,  effecting  a 
saving  of  $7500  a  year.  In  Northum- 
berland and  Scotland  similar  changes 
have  been  effected,  with  economies  of 
$9000  and  $15,000  a  year,  respec- 
tively. 
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For  hauling  and  winding  engines 
the  advantages  of  electric  power  are 
great,  obviating  the  necessity  for  en- 
gines, boilers,  chimneys,  and  fuel. 
Electrically-driven  fans  for  ventila- 
tion, and  electric  pumps,  can  be  placed 
in  the  most  remote  parts  of  a  mine. 
The  advantages  will  specially  be  ap- 
preciated by  ail  who  have  had  practi- 
cal experience  of  mining,  and  who 
know  the  serious  problem  of  raising 
water,  or  of  extracting  vitiated  air 
from  the  dip  levels  of  deep  mines. 

In  a  certain  mine,  in  a  far-off  dip 
level,  an  electric  pump  is  fixed,  which 
is  actuated  from  the  power  house  at 
the  surface;  there  a  telephone  is  at- 
tached, by  which  the  engineer  in  the 
power  house  can  ascertain  whether  the 
pump  is  at  work  and  acting  properly 
without  the  necessity  of  a  man  being 
in  constant  attendance. 

But  whilst  upon  this  subject  of 
mining,  it  is  desirable  to  call  attention 
to  the  very  serious  results  occuring  to 
the  employees  of  a  mine,  from  the  dust 
produced  by  the  drills  used  in  driving 
the  advance  galleries  and  in  the 
stopes.  In  the  copper  mines  of  Corn- 
wall and  in  the  gold  mines  of  Johan- 
nesburg the  gravest  results  are 
produced  upon  the  men;  hence  the 
reason  for  so  many  miners  being  con- 
sumptive. It  is  'a  well-known  fact 
that  the  life  of  a  miner  in  charge  of  an 
advance  heading  is  short;  consequent- 
ly the  pay  is  high,  and  it  is  not  un- 
common for  a  foreman  in  charge  to 
be  paid  $500  a  month.  The  writer 
has  personal  knowledge  of  one  case  in 
which  a  gang  of  sixteen  Cornish  min- 
ers, fine,  stalwart  fellows,  in  charge  of 
a  certain  heading  or  driftway,  alf  died 
from  consumption  in  a  comparatively 
short  time.  Such  occurrences  natu- 
rally make  white  men  reluctant  to 
enter  the  mines,  even  if  highly  paid; 
and  this  accentuates  the  labor  prob- 
lem on  the  Rand. 

The  Chamber  of  Alines  at  fohan- 
nesburg  have  offered  three  prizes,  one 
of  $2500  and  a  gold  medal,  one  of 
$1250,  and  one  of  $500,  for  the  best 
device  for  ridding  the  mines  of  dust, 
and  thus  reducing  the  present  heavy 
loss  of  life  from  "miners'  phthisis."" 
Hitherto  a  remedy  for  this  trouble  has 
not  been  forthcoming,  but  this  excuse 
can  no  longer  be  pleaded.  In  the 
Simplon  tunnel,  in  course  of  construc- 
tion through  the  Alps,  the  length  of 
which  is  iz\  miles,  the  Brandt  hy- 
draulic drill  is  working  with  the  Great- 
est success;  no  dust  is  produced  in 
the  advance  galleries,  splendid  venti- 
lation is  provided,  and  the  rate  of 
progress  has  completely  beaten  the 
world's  record.  Headings.  10  feet  in 
width  and  8  feet  in  height,  are  driven 
through  gneiss,  and  other  very  hard 
rock,   at  a   speed  of  over  700  feet   a 


month,  and  in  one  case  of  770  feet, 
without  injury  to  health  or  life  and 
much  diminished  cost  of  driving. 

A  well-known  tunnel  contractor  in 
Scotland  called  upon  the  writer  to  ask 
if  there  were  not  some  mistake  in  the 
above  figures.  Had  not  a  decimal 
point  been  left  out?  He  would  con- 
sider 70  to  yy  feet  a  month  good  work. 
He  could  not  believe  that  ten  times 
this  rate  of  progress  could  be  at- 
tained until  the  official  returns  were 
shown  to  him. 

One  objection  has  been  raised  to 
the  introduction  of  this  drill  into  the 
gold  mines  of  Johannesburg,  namely, 


current,  or,  should  the  mine  be  of 
great  depth,  the  hydrostatic  head  of 
water  in  the  supply  pipe  would  give 
the  required  pressure.  The  waste 
water  would  be  collected  in  an  under- 
ground tank  and  raised  to  the  surface 
by  electric  pumps,  and  could  thus  be 
used  over  and  over  again. 

In  the  case  of  the  Chauvery  Falls, 
in  Mysore,  India,  an  electric  power 
installation  has  been  provided  to  fur- 
nish power  for  the  gold  fields,  and  the 
current  will  be  transmitted  a  distance 
of  93  miles. 

The  voltage  at  the  generator  is 
2200  volts,  and  the  line  voltage  is  30.- 
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the  comparative  scarcity  of  water;  but 
as  the  water  can  be  used  over  and 
over  again,  this  objection  is  of  small 
importance.  This  drill  is  actuated  by 
high-pressure  water, — 1500  pounds  to 
the  inch,- — and  is  kept  up  to  its  work 
with  a  pressure  of  10  tons;  all  the 
waste  water  is  discharged  through  the 
drill  up  to  its  cutting  points,  thus 
keeping  it  cool  and  washing  out  the 
debris.  If  pumps  are  required,  they 
can  be  driven  either  by  air  or  electric 


000.  Owing  to  the  valley  of  the  river 
being  malarious,  the  switchboard  is 
placed  on  high  ground  1000  feet  away 
from  the  power  house.  There  are 
seven  generators  of  750  K.  W.  each, 
with  revolving  fields  and  stationary 
armatures.  There  are  fifteen  step-up 
transformers  of  375  K.  W.  each,  and 
fifteen  step-down  transformers  each  of 
330  K.  W. 

The   transmission   line    consists    of 
two    parallel    lines    of    poles    60    feet 
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apart.  The  poles  consist  of  steel 
sockets  13  feet  in  height,  which  carry 
timber  posts  17  feet  in  height  and  7 
inches  square.  Each  pole  carries 
three  No.  o  B.  &  S.  gauge  bare  cop- 
per wires,  the  insulators  being  ar- 
ranged so  as  to  form  an  equilateral 
triangle  with  40-inch  sides.  The  poles 
are  approximately  130  feet  apart  along 
the  line,  but  in  at  least  one  river  cross- 
ing a  span  of  525  feet  is  required,  and 


line    while    the    other    is    delivering 
power. 

The  electrical  transmission  of  the 
Missouri  River  Power  Company,  in 
the  United  States,  is  well  worthy  of 
notice.  With  an  average  head  of 
water  of  30  feet,  about  10,000  H.  P. 
are  available.  Machinery  for  about 
4000  H.  P.  was,  in  the  first  instance, 
installed,  consisting  of  four  750  K.  W. 
550-volt,  two-phase  generators.     The 


stranded  silicon-bronze  cable  of  high 
tensile  strength  is  there  used.  Similar 
wire  is  used  wherever  railways  or  tele- 
graph lines  are  crossed. 

Some  of  the  advantages  of  a  double- 
pole  line  are,  less  likelihood  of  com- 
plete interruption  of  the  circuit,  due 
to  the  improbability  of  both  lines  giv- 
ing out  at  the  same  time,  and  also  the 
possibility  of  effecting  repairs  on  one 


current  is  raised  from  550  volts  to  10,- 
000  volts,  and  sent  to  Helena,  20  miles 
from  the  power  house,  and  East 
Helena,  14  miles  distant,  where  it  is 
stepped  down  for  consumption.  In 
1900  six  additional  750-KW  genera- 
tors were  added  for  the  purpose  of 
supplying  power  to  Butte,  Montana, 
65  miles  away.  The  transmission 
line  passes  over  the  mountains  at  an 


altitude  of  3300  feet  above  the  power 
station,  and  consists  of  three  lines  of 
posts,  50  feet  apart,  the  distance  be- 
tween the  posts  being  no  feet. 

The  wires  are  placed  in  the  form  of 
an  equilateral  triangle,  each  side  being 
78  inches  long.  The  insulators  are 
fixed  on  oak  pins  boiled  in  paraffine. 
The  current,  as  already  stated,  is  gen- 
erated at  550  volts,  but  in  this  case  is 
stepped  up  at  the  power  house  to  50,- 
000.  At  Butte  the  step-down  trans- 
former reduces  the  voltage  to  2200. 

One  of  the  most  remarkable  exam- 
ples of  electric  long-distance  transmis- 
sion is  in  the  State  of  Washington, — - 
the  Snoqualmie  Falls  plant.  The 
transmission  line  is  44  miles  long, 
carrying  current  at  30,000  volts,  and 
in  order  to  protect  the  generators 
from  the  spray  of  the  falls  the  power 
house  is  a  cavern  cut  out  of  the  solid 
rock  250  feet  below  the  surface,  in 
which  there  are  six  generators  of 
1500  KW  each. 

The  Bay  Counties  Power  Company 
utilize  the  Yuba  Falls,  at  Colgate, 
California,  in  a  power  house  contain- 
ing three  units  of  3000  H.  P.  and  four 
of  1500  H.  P.,  and  deliver  current  at 
Oakland,  152  miles  distant;  thence  it 
is  passed  along  the  transmission  lines 
of  the  Standard  Electric  Company  to 
San  Francisco, — a  further  distance  of 
70  miles, — making  222  miles  in  all. 

For  nearly  two  years  power  has 
been  delivered  from  Colgate  to  Stock- 
ton, a  distance  of  216  miles,  and,  dur- 
ing the  month  of  August,  1902,  in 
order  to  avoid  a  "shut-down"  at  Sac- 
ramento, 1000  KW  were  transmitted 
270  miles,  the  longest  distance  yet  at- 
tained. The  volt  meters  at  Sacra- 
mento did  not  show  anything  abnor- 
mal, nor  did  the  operators  there  know 
anything  as  to  whence  this  power  was 
being  derived  until  the  operation  was 
over. 

The  lines  are  all  laid  out  for  a  10  per 
cent,  loss,  transmitting  12,000  H.  P. 
The  voltage  is  at  present  40,000,  and 
is  intended  to  be  raised  shortly  to  50,- 
000;  but,  in  the  opinion  of  the  general 
superintendent  of  the  line,  Mr.  L.  M. 
Hancock,  there  is  no  reason  why  60,- 
000  to  80,000  volts  should  not  be 
employed,  if  the  line  be  properly  de- 
signed, every  insulator  being  tested 
up  to  120,000  volts. 

The  latest  results  attained  in  Amer- 
ica enable  the  following  average 
percentages  of  efficiency  and  loss  to 
be  ascertained,  assuming  a  power  of 
10,000  KW,  or  13,400  H.  P.,  delivered 
at  a  point  300  miles  distant: — 

Step-down  Transformers,   98  per   cent,   effi-  KW. 

ciency   10,200 

Transmission  Line,  70  per  cent,  efficiency..  14,600 
Step-up     Transformers,     98     per     cent,     effi- 
ciency    14,900 

Generators,  96  per  cent  efficiency 15,500 

Water  Turbines,  SO   per   cent,   efficiency....  19,400 
Water   Mains   from   falls,   90   per   cent,    effi- 
ciency   21.600 
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This  represents  a  delivery  to  the 
consumer  of  46  per  cent,  of  the  actual 
power  of  the  water  at  the  falls. 

Having  thus  briefly  reviewed  what 
has  been  done  in  some  other  parts  of 
the  world  in  the  way  of  utilizing 
water-power,  we  will  now  consider  the 
question  of  possible  electrical  devel- 
opment from  the  Victoria  Falls.  In  a 
new  country,  like  Rhodesia,  every- 
thing is  required  for  what  is  practically 
a  new  country,  and  in  connection  with 
its  extensive  gold  deposits  there  are 
two  essentials,  cyanide  of  potassium 
and  quicksilver.  Of  both  of  these 
large  quantities  are  requisite.  Al- 
though quicksilver  has  thus  far  not 
been  discovered  in  quantity,  samples 
of  cinnabar,  from  which  it  is  obtained, 
have  been  brought  in  by  the  natives, 
and  it  is  probable  that  both  the  above 
agents  can  be  produced  on  the  spot. 

Gold  mines  to  the  southeast,  the 
coal  mines  of  Wankie,  and  the  impor- 
tant copper  deposits  in  Barotse  Land, 
which  are  believed  likely  to  prove 
among  the  greatest  in  the  world, 
would  all  require  power  to  a  very 
large  extent.  Chemical  and  metal- 
lurgical industries  will  be  attracted, 
as  they  have  been  at  Niagara,  and,  if 
alluvial  gold  deposits  exist,  as  report- 
ed, in  the  vicinity  of  the  falls,  they 
might  be  cheaply  worked  by  "hydrau- 
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licking,"  that  is,  washing  down  the 
beds  by  powerful  water  jets  supplied 
by  electrically-driven  pumps. 

Water  would  also  be  required  for 
irrigation,  and  plowing,  sawing  tim- 
ber, and  all  kinds  of  agricultural  work 


by  sea  and  land,  to  the  numerous 
points  of  consumption  within  a  mod- 
erate distance  of  the  Victoria  Falls. 
In  other  words,  both  the  necessary 
materials  and  the  power  are  at  the 
very  doors  of  the  Rhodesian  popula- 
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could  be  carried  on  by  electrically 
transmitted  power.  The  great  need 
for  manufacturing  on  the  spot  all  the 
various  products  which  can  be  ob- 
tained by  electrical  energy  is  at  once 
apparent  when  it  is  remembered  that, 
at  the  present  time,  these  have  to  be 
obtained  from  America  and  elsewhere, 
and   transported   thousands   of  miles, 


tion,  and  need  only  to  be  rightly  de- 
veloped. 

The  power  house  at  the  Zambesi 
would  be  placed  on  a  benching  in  the 
second  zigzag  below  the  cascade,  and 
would  be  supplied  with  water  by  steel 
tubes  from  the  fall.  Any  amount  of 
power  required  could  be  obtained, 
and  an  available  head  of  at  least  250 


feet  could  be  utilized.  Each  pipe  or 
tube,  8  feet  in  diameter,  would  drive  a 
turbine  and  generator  necessary  for 
5000  horse  power,  and  it  would  prob- 
ably be  found  desirable  to  lay  down 
the  plant  in  units  of  this  magnitude. 
The  ultimate  size  of  the  power  house 
would  have  to  be  determined  by  the 
demand  for  electricity  in  the  neigh- 
borhood. 

The  question  of  voltage  would  de- 
pend much  upon  climatic  conditions, 
and  also  upon  the  output  and  the  dis- 
tance to  which  power  would  have  to 
be  transmitted.  At  high  voltages  the 
air  ceases  to  be  a  good  insulator,  and 
when  moisture  is  present,  sparking 
into  the  atmosphere  takes  place,  and 
a  large  amount  of  electricity  passes 
through  the  air  from  one  wire  to  an- 
other. Transformers  and  insulators 
can  be  designed  for  much  higher  volt- 
ages than  are  now  adopted,  but  at 
present  the  limit  seems  to  be  that  at 
which  an  uncovered  copper  conductor 
will  retain  the  current. 

The  rapid  advance  which  is  being 
made  in  electric  transmission  work  en- 
ables distances  to  be  satisfactorily 
dealt  with  which  were  considered  im- 
practicable four  or  five  years  ago. 
Many  of  the  difficulties  which  were 
anticipated  have  never  arisen,  and 
many  interesting  and  scientific  obser- 
vations have  been  made,  such,  for  in- 
stance, as  the  tendency  of  high-ten- 
sion current  to  keep  porcelain  and 
glass  insulators  dry  in  moist  climates, 
and  even  during  rain.  It  is  only  a 
question  of  conscientious  work  and 
careful  design  to  make  a  long-distance 
transmission,  even  of  300  miles,  with- 
in the  near  future  a  successful  com- 
mercial undertaking. 


Combination  of  Wireless  Telegra.ph 
Companies 

AT  the  annual  meeting  of  the  In- 
ternational Wireless- Telegraph 
Company,  held  at  Camden,  N. 
J.-,  on  January  6th,  a  resolution  to 
consolidate  with  the  American  De- 
Forest  Wireless  Telegraph  Company 
was  adopted  without  a  dissenting 
vote.  The  Greater  New  York  Security 
Company  will  finance  the  consolida- 
tion. The  International  stockholders, 
it  is  said,  will  receive  $7,500,000  of 
stock  in  the  new  concern  and  have  an 
interest  in  about  seventy  patents. 
Vice-President  and  General  Manager 
Gehring  reported  that  instruments  of 
the  American  DeForest  Company  had 
been  ordered  by  the  Belgium,  Sweden 
and  Japanese  governments  and  that 
the  London  "Times"  had  two  sets  or- 
dered in  anticipation  of  war  in  the 
Far  East.  The  following  directors 
were  elected:  Dr.  G.  G.  Gehring,  H. 
Shoemaker,  M.  Van  Boskirk,  Will- 
iam J.  Hopper  and  John  Mayhew. 


Electric   Meters 

Their   Relation   to   the    Earning    Power   of    Electric   Light   Companies 

By   C.   D.    HASKINS 


THE  efficiency  of  generating 
apparatus  and  distributing  de- 
vices and  systems,  the  effi- 
ciency of  engines,  boilers,  or  other 
prime  movers,  and  even  the  price  of 
coal  are  relatively  insignificant  factors 
individually  in  the  earning  power  of 
an  electric  light  property  as  compared 
with  the  meters  which  are  used  upon 
the  system. 

The  intelligent  selection  of  the  best 
meter  for  the  conditions  to  be  met, 
and  .the  intelligent  upkeep  and  super- 
vision of  these  meters  after  their 
installation,  in  a  large  measure  de- 
termine whether  the  illuminating 
property  will  or  will  not  yield  ade- 
quate earnings  for  the  stockholders. 

The  average  electric  light  system 
to-day  delivers  to  its  customers  not 
less  than  10  per  cent,  more  energy 
than  those  customers  pay  for.  This 
loss  of  10  per  cent,  of  the  just  revenue 
is  due  to  three  causes: — 

I. — The  continued  prevalence  of  a 
certain  considerable  percentage  of 
contract  customers  having  no  meters. 

2. — The  use  of  inefficient  low-grade, 
or  obsolete  meters. 

3. — The  failure  to  test,  inspect,  and 
maintain  the  meters  which  are  in  ser- 
vice. 

The  assumption  that  a  meter  which, 
when  just  purchased,  shows  excellent 
accuracy  from  light  load  to  full  load, 
will  remain  and  continue  to  show  sim- 
ilar results  in  service  is  a  fallacy.  A 
recording  meter  is  a  low-powered  and 
delicate  piece  of  apparatus  at  best, 
and  its  accuracy  will  remain  perma- 
nent almost  in  direct  proportion  to  the 
relative  amount  of  power  or  turning 
force  which  the  meter  possesses.  It 
will  be  appreciated  by  all  that  a  device 
having  very  little  turning  power  may, 
nevertheless,  run  with  perfect  accu- 
racy and  freedom  when  entirely  clean 
and  unworn  in  any  of  its  parts. 

A  meter  to  be  permanently  accurate 
must  not  only  show  good  accuracy 
from  a  very  light  load,  say  2  to  5  per 
cent,  of  its  rated  capacity,  up  to  a  rea- 
sonable overload,  say  20  to  50  per 
cent,  of  its  rated  capacity,  but  must 
also  under  measurement  show  a  high 
turning  moment  or  torque. 

As  a  general  thing  a  fair  idea  of  the 
relative  torque  or  turning  moment  of 


a  meter  can  be  obtained  bv  noting  the 
number  and  sizes  of  drag  magnets  ap- 
plied to  the  damping  disc.  The  larger 
and  more  numerous  these  magnets 
are,  generally  speaking,  the  more  con- 
siderable the  torque;  but  this  evidence 
cannot  be  relied  upon  wholly,  because 
magnets  vary  widely  in  strength ;  con- 
sequently more  positive  means  should 
be  resorted  to  for  measuring  the 
torque. 

A  popular  misconception  has  pre- 
vailed to  the  effect  that  there  is  ad- 
vantage in  using  only  one  or  two  sizes 
of  meter,  the  idea  being  that  a  less 
total  number  of  meters  will  have  to  be 
purchased  if  only  two  or  three  sizes 
are  used,  since  a  smaller  reserve  stock 
will  be  required.  The  only  economy 
achieved  by  this  policy  is  the  necessity 
of  purchasing  a  somewhat  less  num- 
ber of  meters  for  stock.  This  may 
affect  the  expenditure  of  the  company 
for  meters  to  the  extent  of  5  or  10  per 
cent.  But  5  or  10  per  cent,  of  the 
annual  expenditures  of  a  lighting 
company  for  meters  is  a  sum  utterly 
insignificant  as  compared  with  a  loss 
of  even  1  per  cent,  on  the  revenue. 
As  in  the  case  of  meters  of  low  turning 
moment  or  torque,  so,  too,  large  me- 
ters may  initially  show  remarkable 
accuracy  on  small  loads;  but  the  turn- 
ing moment  or  torque  of  every  known 
form  of  motor  type,  recording  watt- 
hour  meter  decreases  in  direct  propor- 
tion to  the  load.  Consequently  a 
meter  which,  for  example,  has  a 
torque  of  80  mm.  gms.  at  full  load,  and 
is  of  25  amperes  capacity,  will  at  one 
lamp  (-i  ampere)  have  a  torque  or 
turning  moment  of  one-fiftieth  of  80 
mm.  gms.,  or  1.6  mm.  gms. 

However  well  this  meter  may  per- 
form at  this  load  when  new,  it  cannot 
be  expected  to  perform  with  equal  ac- 
curacy after  a  year  or  two  of  use,  as 
compared  with  a  meter  having  80  mm. 
gms.  at  full  load  and  of  a  capacity  of 
10  amperes,  because  the  10-ampere 
meter  at  one  lamp  will  have  a  torque 
of  one-twentieth  of  80,  or  4  mm.  gms. 
Hence,  lighting  companies  should  al- 
ways use  the  smallest  meters  which 
they  can  use  with  safety.  This  may 
be  detrimental  to  the  immediate  inter- 
ests of  manufacturing  companies  who 
secure    somewhat    higher   prices    and 


therefore  larger  gross  sales  in  connec- 
tion with  the  sale  of  large  meters  than 
small,  but  it  is  distinctly  to  the  advan- 
tage of  the  illuminating  company.  It 
is  better  to  carry  10  or  15  per  cent, 
more  meters  in  stock  and  to  occasion- 
ally lose  a  meter  from  a  burnout  due 
to  overload, — a  very  rare  occurrence 
in  modern  meters, — than  it  is  to  put  in 
meters  larger  than  are  required. 

Illuminating  companies  should  also 
be  exceedingly  careful  in  their  investi- 
gation of  meters  which  appear  to  have 
extreme  overload  capacities.  For  ex- 
ample, a  meter  having  the  best  of 
accuracy  at  100  per  cent,  overload 
may  very  fairly  be  considered  as  being 
a  meter  which  is  really  rated  lower 
than  its  actual  size.  If,  for  example, 
a  meter  is  rated  at  15  amperes  and 
shows  the  best  of  accuracy  at  30  am- 
peres, it  is  debatable  whether  this 
meter  should  not  in  reality  be  rated  at 
say  20  or  25  amperes.  This  means 
that  the  light  load  will  suffer  for  the 
reasons  given  above. 

The  safest  way  in  studying  perma- 
nent accuracy  in  relation  to  light  load 
is  to  reduce  the  calculation  to  mm. 
gms.  torque  at  one-twentieth  load,  or 
5  per  cent,  of  the  meter's  rated  ca- 
pacity. Long  experience  has  taught 
that  sustained  meter  accuracy  over  a 
period  of  years  cannot,  and  should 
not,  be  expected  at  loads  of  less  than 
one-twentieth  of  a  meter's  rating.  Be- 
low this,  fair  approximations  only  may 
be  achieved,  dependent  upon  the  con- 
struction, and  largely  upon  the  torque 
of  the  meter.  It  may  be  said  general- 
ly that  loads  on  which  a  meter 
operates  at  less  than,  say,  3  mm.  gms. 
torque  will  be  loads  upon  which  the 
meter  will  not  permanently  render  the 
highest  accuracy. 

Thoughtful  central  station  manage- 
ments will  readily  appreciate  from 
these  statements  the  grave  effect  upon 
revenue  which  may  result  from  a 
slight  initial  mistake  in  the  selection 
of  meters. 

Up  to  this  point  only  questions 
pertinent  to  non-inductive  loads  and 
the  accuracy  of  the  meter  thereon 
have  been  dealt  with.  It  must  be  re- 
membered, however,  that  there  are 
other  conditions  besides  those  already 
cited  which  must  be  accuratelv  dealt 
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with  by  the  meter.  Inductive  loads 
are  common  already  and  are  becom- 
ing more  so.  Fortunately,  the  accu- 
racy of  a  meter  on  inductive  loads 
changes  little  if  any  in  service.  In 
other  words,  accuracy  on  inductive 
loads  will  remain  practically  un- 
changed in  relation  to  the  accuracy  on 
non-inductive  loads. 

Meters  not  infrequently  err  initially 
on  arc  lamp  and  fan  loads,  and,  there- 
fore, no  meter  should  be  used  by  a 
central  station  which  fails  to  show  a 
high  degree  of  accuracy  under  such 
conditions.  Inductive  devices  fre- 
quently form  a  very  large  proportion 
of  the  whole  load,  especially  during 
the  summer  months,  and  very  serious 
impairments  of  revenue  may  result 
from  the  use  of  a  meter  which  may  be 
entirely  accurate  under  non-inductive 
loads.  In  some  cases  under  these  con- 
ditions meters  may  operate  too  fast, 
leading  to  a  dispute  with  the  custom- 
er, a  test  and  demonstration  of  exces- 
sive record,  and  a  rebate  extending 
back  possibly  for  months  and  affecting 
bills  which  may  very  well  have  been 
recorded,  not  upon  inductive  loads, 
but  upon  non-inductive  loads,  thus 
resulting  in  a  rebate  many  times  in 
excess  of  the  actual  over  record,  and 
thus  seriously  impairing  the  gross 
revenue  of  the  company. 

Lighting  companies  should,  fur- 
thermore, weigh  with  great  care  the 
question  of  using  meters  sealed  prior 
to  shipment.  Meters  which  are  sealed 
and  which  must  be  returned  to  the 
manufacturer  for  recalibration,  repair 
or  adjustment,  menace  the  revenue  of 
the  company  as  well  as  its  expendi- 
tures. They  menace  the  revenue  be- 
cause the  temptation  to  leave  such 
meters  in  service  long  after  they  cease 
to  record  with  high  accuracy  on  light 
loads  is  almost  irresistibly  strong.  No 
central  station  likes  to  remove  a  meter 
from  the  premises  of  a  customer  and 
install  another.  It  increases  expenses 
for  labor  and  it  shakes  the  confidence 
of  the  customer.  Consequently,  rather 
than  take  down  a  meter  which  is  in- 
accurate and  return  it  to  the  manufac- 
turer for  repairs,  it  is  often  left  to  op- 
erate month  after  month  on  a  basis 
which  loses  to  the  illuminating  com- 
pany a  considerable  percentage  of  its 
just  revenue. 

Such  a  meter,  when  finally  removed 
and  returned  to  the  manufacturer, 
even  though  it  be  repaired  under  a 
guarantee  and  therefore  at  no  cost  to 
the  lighting  company,  must  be  out  of 
stock  for  a  considerable  time,  so  that 
instead  of  becoming  available  for  im- 
mediate reinstallation  within  forty- 
eight  hours  of  the  time  of  its  removal, 
as  it  would  be  in   case  repairs  were 


executed  locally,  it  may  be  out  of  hand 
for  weeks  or  even  months,  thus  neces- 
sitating carrying  a  materially  heavy 
stock  in  the  local  storeroom,  although, 
as  a  matter  of  fact,  the  fault  for  which 
the  meter  was  removed  might  in  all 
probability  have  been  repaired  with 
ease  and  dispatch  on  the  premises  of 
the  customer  without  removing  the 
meter  from  the  wall  and  without  cre- 
ating suspicion. 

The  wear  of  bearings  in  meters  is 
the  most  common  and  prolific  scource 
of  revenue-impairing  trouble  incident 
to  recording  meters.  It  must  be 
borne  in  mind  that  friction  in  a  meter 
is  inevitable  and  that  that  form  of 
bearing  which  shows  the  least  friction 
initially  need  by  no  means  be,  and  sel- 
dom is,  the  best  bearing  for  a  long 
period.  The  most  efficient  form  of 
bearing  yet  devised  for  recording  me- 
ters consists  of  a  cup-shaped  jewel  of 
sapphire  as  the  stationary  member  and 
a  pointed  shaft  end  or  pivot,  the  point 
of  which  should  be  of  the  hardest  and 
toughest  steel,  possessing  the  highest 
polish  and  having  a  section  of  sub- 
stantially a  hemisphere. 

Such  bearings  have  in  the  past 
given  a  great  amount  of  trouble  when 
used  in  connection  with  meter  mech- 
anisms, which  from  principle  or  con- 
struction were  obliged  to  carry 
rotating  elements  of  extreme  weight. 
Such  bearings  also  have  proved  high- 
ly fallible  when  used  in  connection 
with  meters  of  very  low  torque.  In 
the  first  instance  wear  of  the  sapphire 
and  pivot  have  resulted  after  a  year  or 
more  of  use,  necessitating  the  renewal 
of  both  jewel  and  pivot.  In  the  sec- 
ond instance  in  meters  of  low  turning 
moment  a  general  slowing  up  of  the 
meter  from  friction  results,  at  least  in 
a  considerable  measure,  from  the  ac- 
cumulation of  foreign  matter  in  the 
jewel  cup,  which  would  be  unimpor- 
tant in  connection  with  a  meter  of 
high  torque,  but  which  may  materially 
reduce  the  speed  of  a  device  of  low 
turning  moment. 

Side  or  lateral  friction  is  likely  to  be 
more  serious  and  detrimental  than 
vertical  pivot  friction,  since  it  is  ap- 
plied to  a  larger  diameter  of  the  mov- 
ing part.  Hence  the  accurate  level  of 
meters  is  of  importance,  and  meters 
should  be  especially  selected  with  a 
view  to  a  maximum  freedom  from 
bearing  surfaces  making  contact  with 
the  rotor  laterally. 

Much  of  success  or  failure  depends 
upon  the  construction  of  that  portion 
of  the  meter  known  as  the  recording 
train  or  dial.  It  is  in  this  portion  of 
the  meter  mechanism  that  friction  fre- 
quently goes  up  in  a  rapid  ratio,  as  the 
age  of  the  meter  increases.     This  is 


due  to  dirt,  wear,  and  bad  construc- 
tion. A  badly  cut  or  rough  worm  not 
infrequently  cuts  and  destroys  the. 
shape  of  the  teeth  of  the  worm  wheel, 
in  some  cases  multiplying  the  friction 
between  worm  wheel  and  worm  by  a 
large  amount.  The  use  of  iron  pin- 
ions with  resulting  rust  is  a  prevalent 
cause  of  trouble,  and  it  must  be  al- 
ways remembered  that  substantially 
no  recording  train  can  be  run  all  of 
the  way  around  on  all  wheels  to  prove 
the  accuracy  of  cutting  of  the  pinions 
and  teeth.  Consequently,  unless  re- 
cording trains  are  cut  and  finished 
with  the  utmost  nicety  and  care,  great 
friction  may  suddenly  develop  after 
the  meter  has  run  several  million  rev- 
olutions, because  even  at  this  point 
the  last  or  highest  wheel  will  not  have 
made  a  complete  revolution,  and  may 
at  any  time  present  an  imperfect  tooth 
with  consequent  evil  results.  The 
worm,  pivot,  and  wheel  construction 
of  recording  mechanisms  should  be 
the  subject  of  special  analytical  exam- 
ination. 

In  connection  with  recording  train 
difficulties  the  importance  of  high 
turning  moment  or  torque  will  be  ap- 
preciated. The  check  due  to  an  im- 
perfect tooth  in  a  recording  dial  is 
severe,  but  temporary,  and  a  meter 
having  a  high  turning  moment  may 
very  well  run  over  and  past  an  imper- 
fect tooth  which  would  stop  a  meter 
of  lower  power.  This  is  true,  whether 
the  temporary  check  be  due  to  the  im- 
perfect wheel,  or  to  dirt,  or  rust,  or 
other  friction  producer. 

The  effect  of  external  temperatures 
upon  meters  should  be  watched  with 
the  greatest  care.  Almost  all  central 
station  systems  have  a  large  number 
of  meters  installed  at  points  where 
they  are  exposed  to  changes  of  tem- 
perature ranging  from  almost  zero  de- 
grees F.  to  ioo  degrees  F.  In 
numerous  instances  these  changes  of 
temperature  may  affect  the  revenue 
of  the  company. 

As  a  last  word  of  warning,  it  should 
be  remembered  that  meters  rarely  err 
by  over-record.  Ninety-nine  times 
out  of  one  hundred  such  errors  as 
occur  are  errors  slow.  Substantially 
every  meter  in  service  under-records 
at  some  load,  and  the  accumulation  of 
such  errors  throughout  an  entire  "sys- 
tem is  always  an  increasing  factor, 
save  in  the  face  of  constant  vigilance. 

The  lost  revenue  which  could  be 
saved  with  the  meter  art  as  it  now 
stands  might  well  suffice  to  pay  divi- 
dends on  the  common  stock  of  many 
corporations  which  to-day  pay  none, 
and  yet  leave  a  sufficiently  large  sur- 
plus to  create  a  substantial  annual 
sinking  fund. 


Electric   SKocks 


By    ARCHIBALD    WILSON 


TVIME  was  when  the  mention 
of  electric  shocks  suggested 
merely  the  sensations  experi- 
enced in  grasping  the  handles  of  the 
ordinary  induction  coil,  or  in  receiv- 
ing the  discharge  of  a  Leyden  jar. 
There  are  few  persons  who  have  not 
allowed  an  electric  current  to  be 
passed  through  them  by  one  or  the 
other  of  the  above  means,  and  the  sen- 
sations need  scarcely  be  described. 
While  the  effect  is  usually  of  a  mild 
and  harmless  nature,  it  is  well  known 
that  shocks  of  an  unpleasant  charac- 
ter, and  even  dangerous  to  human 
life,  may  be  applied  even  by  such  sim- 
ple apparatus. 

With  the  widespread  adoption  of 
electricity  for  domestic  and  industrial 
uses  there  have  appeared  occasionally 
in  the  public  press  notices  of  accidents 
due  to  electric  shocks,  sometimes  at- 
tended with  fatal  results.  Fortunate- 
ly such  accidents  are  infrequent,  but 
the  fact  that  they  have  occurred  at  all 
accounts  for  the  question  so  often 
raised  as  to  whether  the  employment 
of  electricity  is  accompanied  by  risk 
to  human  life.  The  object  of  this  ar- 
ticle is  to  allay  any  apprehensions  on 
the  subject,  and  to  point  out  the  ex- 
tremely improbable  conditions  under 
which  accidental  contact  with  electric 
wires  can  result  in  dangerous  shock. 

As  the  fact  that  an  electric  shock 
has  been  received  by  anyone  implies 
that  current  has  passed  through  a 
portion  of  the  body,  it  may  be  well 
first  to  explain  briefly  the  fundamental 
law  which  governs  the  flow  of  an  elec- 
tric current  through  any  substance. 
This  is  known  as  Ohm's  law,  named 
after  the  eminent  physicist  who  first 
enunciated  it,  and  is  of  first  impor- 
tance to  all  who  are  even  slightly  in- 
terested in  electrical  matters.  It  may 
be  briefly  stated  as  follows: — The 
number  of  amperes  (or  amount  of 
current)  flowing  along  a  circuit  is 
equal  to  the  number  of  volts  (or  elec- 
trical pressure)  which  is  applied  at  the 
ends  of  the  circuit,  divided  by  the 
number  of  ohms  of  resistance  in  the 
circuit.  By  circuit  is  meant  any  path 
along  which  the  current  is  flowing, 
and  it  may  consist  of  a  copper  wire, 
the  human  body  or  any  other  sub- 
stance capable  of  conducting  elec- 
tricity. 

Resistance  is  the  quality  possessed 
by  every  substance,   in   a   greater  or 


lesser  degree,  of  impeding  the  flow  of 
current  through  it,  and  is  somewhat 
analogous  to  mechanical  friction. 
Just  as  friction  makes  it  difficult  to 
drag  a  heavy  weight  over  rough 
ground,  so  does  the  electrical  resis- 
tance of  a  body  oppose  the  passage  of 
a  current,  and  in  both  cases  heat  is 
evolved  as  the  result  of  the  work 
done.  From  Ohm's  law,  according- 
ly, can  be  calculated  by  simple  divi- 
sion the  amount  of  current  flowing 
through  any  body,  provided  the  pres- 
sure and  the  resistance  of  a  body  are 
known. 

Take,  for  example,  the  case  of  a 
person  touching  with  the  points  of  the 
forefingers  two  electric  lighting  wires 
with  a  pressure  of  50  volts  between 
them.  The  resistance  from  finger  tip 
to  finger  tip  would  probably  be  about 
50,000  ohms.  Dividing  the  number 
of  volts  by  tne  number  of  ohms,  and 
it  is  found  that  the  current  would  be 
one  one-thousandth  of  an  ampere,  or, 
as  it  is  technically  termed,  one  milli- 
ampere.  With  a  pressure  of  100 
volts,  the  current  would  be  double,  or 
equal  to  two  milli-amperes;  with  200 
volts,  four  milli-amperes,  while  with 
double  the  resistance  the  current 
would  be  correspondingly  halved.  In 
other  words,  the  greater  the  pressure, 
the  greater  will  be  the  current,  while 
the  greater  the  resistance  of  the  cir- 
cuit so  will  the  current  be  less. 

A  clear  understanding  of  this  sim- 
ple law  will  enable  the  reader  to  ap- 
preciate more  fully  how  the  effect  of 
electric  shocks  varies  with  the  pres- 
sure at  which  current  is  supplied,  and 
also  with  the  resistance  offered  by  the 
body.  It  will  be  readily  understood 
from  what  has  been  said  that  the  sen- 
sations of  shock  are  more  easily  ex- 
perienced with  high  than  with  low 
pressures,  while  if  the  resistance  of  the 
body  be  abnormally  low  shocks  will 
be  felt  which,  under  ordinary  condi- 
tions, would  be  imperceptible. 

Electricity  is  best  known  to  the 
general  public  in  connection  with  its 
applications  to  telegraphy,  telephony, 
lighting,  motor  driving,  and  street 
railway  work.  Of  these  the  first  two 
will  not  be  considered,  as  the  currents 
employed  are  slight  and  the  risk  of 
shock  is  practically  negligible.  In 
the  case  of  the  other  applications  com- 
paratively high  pressures  and  heavy 
currents    are    employed,    and    as    the 


wires  along  which  the  currents  are 
conducted  have  to  be  introduced  into 
dwelling  houses  and  factories,  and, 
for  street  railway  work,  suspended 
over  the  thoroughfares,  the  question 
as  to  the  possibility  of  receiving  shock 
from  contact  with  them  is  naturally 
one  of  common  interest. 

In  the  early  days  of  electric  lighting 
the  pressure  employed  for  interior  il- 
lumination was  generally  limited  to 
about  100  volts.  At  present,  however, 
the  pressure  is  usually  higher, — sel- 
dom less  than  200,  but  not  exceeding 
250  volts.  If,  as  is  generally  the  case 
in  municipal  lighting,  what  is  known 
as  the  "three-wire"  system  of  distrib- 
uting current  from  the  central  station 
is  •employed,  the  current  is  actually 
gererated  at  double  the  pressure  used 
at  the  lamps.  As  the  name  implies, 
three  wires  are  employed  to  form  the 
main  conductors  between  the  station 
and  the  buildings  to  be  illuminated. 
Two  of  these  wires  are  called  the  "out- 
ers," and  have  the  full  pressure  of,  it 
may  be,  500  volts  between  them.  The 
third  or  "middle"  wire  forms,  as  it 
were,  an  intermediate  stage  in  the 
range  of  pressure,  so  that  between  it 
and  either  of  the  two  "outers"  there 
is  maintained  a  pressure  of  250  volts. 
In  lighting  from  these  supply  mains, 
one  of  the  outers  and  the  middle  wire 
are  led  into  the  building  and  there 
suitably  connected  to  the  wiring  sys- 
tem by  which  current  is  conveyed  to 
the  lamps. 

The  details  of  an  ordinary  house  in- 
stallation need  not  be  here  described. 
It  is  sufficient  to  point  out  that  all 
wires  employed  are  first  covered  with 
India  rubber  or  other  suitable  insulat- 
ing material  so  that  there  may  be  no 
leakage  of  current  from  them.  They 
are  then  laid,  for  the  purpose  of  pro- 
tection from  mechanical  injury  as  well 
as  for  the  sake  of  appearance,  in 
grooved  wood  casing  or  in  special 
conduits.  At  all  points  where  the 
wires  issue  from  the  casings  for  the 
attachment  of  fittings  or  switches  the 
metal  parts  to  which  they  are  attached 
are  covered  up,  so  that  at  first  sight  it 
would  appear  that  bodily  contact  with 
the  wires  could  not  be  accidentally 
made. 

If  both  wires  of  the  installation 
were  thoroughly  insulated,  it  would 
be  possible  to  receive  a  shock  only  by 
touching  both  of  them  simultaneous- 
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ly.  In  most  three-wire  systems,  how- 
ever, the  "middle"  wire  is  connected 
to  earth,  which  is  a  comparatively 
good  conductor.  In  consequence  the 
pressure  between  earth  and  either  of 
the  outers  is  the  same  as  between  the 
middle  wire  and  the  outer.  A  person 
standing  on  moist  ground,  or  in  any 
similar  position  which  puts  him  in 
good  contact  with  the  earth,  and 
touching  a  wire  connected  with  one  of 
the  outers,  would  allow  current  to 
pass  through  him  from  the  point  of 
contact  to  earth.  If  his  contact  with 
the  earth  were  bad  and  the  resistance 
consequently  high,  the  current  might 
be  so  small  as  to  be  inappreciable. 
This  is  found  to  be  the  case  in  ordi- 
nary dwelling  houses  where  the  dry 
floors  and  carpets  are  of  sufficiently 
high  resistance  to  prevent  any  per- 
ceptible current  from  flowing  to  earth. 
If  the  resistance  were  low,  as  might 
be  the  case  in  damp  cellars,  or  if  the 
floors  were  constructed  of  metal 
work,  the  current  would  be  of  greater 
amount  and  would  probably  give  an 
unpleasant  shock.  So  long  as  the  in- 
sulation and  protection  of  the  wires 
and  fittings  remain  perfect  accidental 
shock  in  this  way  is  impossible.  Oc- 
casion, however,  may,  and  sometimes 
does,  arise  when  the  insulation  be- 
comes imperfect.  When  that  occurs 
and  the  wires  are  enclosed  in  wood 
casing,  which  in  its  normally  dry  con- 
dition is  a  fairly  good  insulator,  there 
is  small  likelihood  of  shocks  being  in- 
flicted. When,  however,  they  are 
enclosed  in  metallic  tubing,  it  is  quite 
possible  that  the  insulation  of  one  of 
the  wires  might  be  damaged,  and  the 
wire  itself  might  in  consequence  come 
in  contact  with  the  pipe. 

If  suitable  precautions  were  not 
taken,  the  result  would  be  that  any- 
one standing  in  contact  with  a  good 
earth  and  touching  the  pipe,  which 
would  be  at  the  same  pressure  as  the 
wire  whose  insulation  was  defective, 
would  receive  a  shock.  This  risk  can 
be  totally  obviated  by  connecting  the 
system  of  pipe  work  to  earth.  When 
that  is  done,  and  in  all  installations 
where  piping  is  used  it  ought  to  be 
done,  then  if  there  is  accidental  con- 
tact between  the  piping  and  the  wire 
which  is  connected  to  the  outer  side 
of  the  system,  so  large  a  current 
would  flow  across  the  point  of  contact 
that  the  safety  fuses  with  which  all 
electric  light  installations  are  pro- 
vided would  immediately  act  and  au- 
tomatically cut  off  the  supply.  The 
risk  of  shock  would  thus  be  removed 
almost  as  soon  as  it  had  arisen. 

It  follows,  therefore,  that  in  such  a 
lighting  system  it  is  possible  to  re- 
ceive an  accidental  shock  only  if  four 
conditions  are  simultaneously  ful- 
filled.    First,  there  must  be  metallic 


connection  between  one  of  the  wires 
and  the  pipe  in  which  it  is  enclosed; 
second,  the  individual  must  be  touch- 
ing that  section  of  the  piping;  third, 
another  part  of  the  individual  must 
be  in  connection  with  the  earth 
through  a  path  of  low  resistance;  and 
fourth,  the  pipe  itself  must  not  be  con- 
nected to  earth.  It  is  unlikely  that 
the  first  three  conditions  would  all  be 
complied  with  at  the  same  time;  but 
in  any  case  the  omission  of  the  fourth, 
by  the  systematic  earthing  of  the 
piping,  would  totally  obviate  all  risk 
of  shock. 

It  is  the  usual  custom  to  earth  the 
piping  at  one  or  two  convenient 
points  only,  by  means  of  a  copper  wire 
soldered  or  bolted  to  water  pipes 
or  other  metallic  earth  connection. 
Then,  by  fitting  up  the  piping  in  one 
complete  system  without  a  break  in 
its  continuity  no  section  of  it  can  be- 
come "live"  by  contact  with  the  wires 
without  the  supply  being  promptly 
cut  off. 

A  shock  from  accidental  contact 
with  wires  at  pressures  up  to  250 
volts  under  ordinary  conditions,  al- 
though unpleasant  to  most  persons,  is 
usually  harmless.  Conditions  must 
be  abnormal  to  render  shock  at  these 
low  pressures  dangerous.  While  the 
general  public  have  little  experience 
of  the  subject,  the  receipt  of  shocks  is 
an  every-day  occurrence  with  men  en- 
gaged in  electrical  work,  and  is  re- 
garded with  comparative  indifference. 
When  electricity  is  employed  for 
motor  driving  the  pressure  used  is 
frequently  as  high  as  500  volts,  and 
with  three-wire  systems  the  motor,  if 
not  of  very  small  size,  is  connected  to 
the  two  outers.  In  this  case,  again, 
the  earthing  of  all  pipework  is  of  vital 
importance,  as  is  also  the  careful  en- 
closing of  all  parts  which  are  connect- 
ed with  the'  supply  wires.  Contact 
with  either  of  the  wires  and  a  good 
earth  will  produce  shock  at  250  volts, 
and  contact  with  both  wires  will  ap- 
ply the  full  pressure  of  500  volts.  As 
shock  at  the  latter  pressure  is  decid- 
edly unpleasant  even  to  the  most 
hardened  electrician,  stricter  precau- 
tions should  be  taken  to  insure  that 
the  work  has  been  properly  executed. 
In  electric  street  railway  working 
the  standard  pressure  is  usually  500 
volts,  and  current  is  supplied  to  the 
cars  through  a  bare  copper  wire  sup- 
ported on  insulators  and  stretched 
overhead  along  the  routes.  Only  one 
wire  is  employed,  and  the  current  is 
returned  to  the  supply  station  by 
means  of  the  rails.  In  this  class  of 
work  risk  of  shock  may  arise  in  two 
ways.  Telegraph  or  telephone  wires 
crossing  the  route  of  the  railway  may 
fall  into  the  street,  and  in  their  fall 
may   become   "live"   through   contact 


with  the  trolley  wire;  or  the  trolley 
wire  may  break  away  from  its  sup- 
ports and  fall  to  the  ground.  Both 
contingencies  are  so  well  provided 
against  that  injuries  from  shock  are 
of  very  rare  occurrence. 

As  a  protection  from  fallen  tele- 
phone wires  there  is  sometimes 
stretched  parallel  to  the  trolley  wire, 
and  a  short  distance  above  it,  a  gal- 
vanized steel  wire.  This  guard  wire 
is  earthed  at  frequent  intervals;  the 
result  is  that  a  fallen  telephone  wire  is 
either  held  altogether  clear  of  the  trol- 
ley wire,  or  should  it  come  in  contact 
with  it.  the  current  from  the  trolley 
wire,  passing  through  the  telephone 
and  guard  wires  to  earth,  is  so  exces- 
sive that  the  safety  fuses  or  other 
automatic  devices  are  put  into  action 
and  cut  off  the  supply  from  the  sec- 
tion in  which  the  accident  has  oc- 
curred. Should  the  trolley  wire 
break,  the  current  can  be  cut  off  by 
section  switches  fitted  for  the  purpose 
along  the  route,  and  in  many  electric 
railway  systems  the  cars  are  provided 
with  emergency  switches  by  which 
the  driver,  in  the  event  of  a  wire 
breaking,  can  connect  the  system  to 
earth,  and  so  cut  off  the  supply 
through  the  action  of  the  safety  de- 
vices. 

In  the  case  of  the  very  high  pres- 
sures used  in  long-distance  transmis- 
sion of  electric  power,  the  mains  in 
such  systems  are  generally,  within 
city  limits,  placed  underground,  and 
the  current  is  transformed  to  low 
pressures  before  being  introduced 
into  buildings  for  lighting  or  motor 
driving.  Such  accidents  as  have  oc- 
curred with  high-pressure  systems 
have,  with  few  exceptions,  been  con- 
fined to  the  operatives  employed  in 
their  working. 

With  continuous  currents  the  sen- 
sations to  which  shocks  give  rise  are, 
generally  speaking,  in  proportion  to 
the  amount  of  current  which  passes ; 
but  they  depend  also  on  the  extent  of 
surface  of  the  body  on  which  contact 
has  been  made.  Thus  a  current, 
barely  perceptible  if  the  whole  surface 
of  the  hand  be  used  to  make  contact, 
might  be  quite  unpleasant  if  passed 
through  the  finger  tips.  Susceptibil- 
ity of  persons  to  shock  varies  consid- 
erably with  the  individual,  apparently 
on  account  of  variations  in  the  hard- 
ness and  moistness  of  the  skin,  the 
resistance  of  which  forms  a  large  pro- 
portion of  the  total  resistance  of  the 
body. 

In  recent  measurements  of  several 
individuals  the  resistance  from  fore- 
finger to  forefinger  ranged  from  70,- 
000  to  25,000  ohms;  when  the  points 
of  contact  were  moistened  with  saliva 
these  figures  were  reduced  to  40,000 
and    15,000,   respectively.     The   same 
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individuals  were  made  to  stand  on  a 
wet  iron  rail,  which  was  intended  to 
represent  a  good  earth  connection, 
while  a  piece  of  copper  about  the  size 
of  an  ordinary  trolley  wire  was 
grasped  in  one  hand  well  moistened. 
Here  the  resistances  were  found  to 
vary  from  8000  ohms  to  3000  ohms, 
depending  partly  on  the  individual 
under  test,  and  also  to  some  extent 
on  the  thickness  and  wetness  of  the 
boots  which  were  worn. 

The  sensations  from  shocks  at  vari- 
ous voltages  can  be  learned  only  from 
experience.  The  writer,  who,  it 
should  be  noted,  is  not  particularly 
sensitive  to  shock,  can  feel  nothing 
when  touching  two  wires  at  100  volts 
pressure  unless  the  fingers  are  moist- 
ened; then  a  slight  prickling  sensa- 
tion is  felt.  Touching  a  200-volt 
circuit  with  drv  fingers  gives  a  sharp 
tingle  and  a  sensation  of  burning;  at 
400  volts  the  effect  is  unbearable. 
More  sensitive  persons,  however,  find 
the  shock  from  100  volts  extremely 
discomposing,  and  although  no  clan- 
ger may  be  incurred,  it  is  inadvisable, 
unless  one  is  thoroughly  versed  in  the 
subject,  to  submit  deliberately  to 
shock  even  at  that  comparatively  low 
pressure. 

Cases  of  fatal  shock  are,  fortunate- 
ly, of  rare  occurrence,  and  are  mostly 
confined  to  those  employed  in  the 
generation  and  distribution  of  elec- 
tricity. As  can  be  readily  understood, 
it  is  difficult  to  ascertain  the  minimum 
strength  of  current  which  is  danger- 
ous to  life,  as  there  is  so  much  varia- 
tion in  the  effect  according  to  the 
circumstances  attending  the  shock. 
Currents  of  30  to  40  milli-amperes  are 
probably  as  much  as  can  be  borne 
without  great  discomfort,  although 
we  find  it  stated  that  for  medical  pur- 
poses, and,  of  course,  with  due  pre- 
cautions, as  many  as  200  milli-am- 
peres can  be  safely  passed  through  the 
human  body.  The  effect  is,  however, 
modified  so  much  by  the  state  of 
health  of  the  individual,  by  the  length 
of  time  during  which  shock  has  been 
inflicted,  and  by  the  path  which  the 
current  has  taken  through  the  body, 
that  no  definite  safe  limit  can  be  posi- 
tively laid  down. 

As  a  general  rule,  the  resistance  of 
the  human  body  is  normally  so  high 
that  with  pressure  not  exceeding  500 
volts  accidental  contacts  are  rarely 
fatal  shocks,  although  occasionally 
the  portions  of  the  body  on  which 
contact  is  made  are  severely  burnt. 
The  few  fatal  accidents  which  have 
occurred  at  low  pressures  appear  to 


have  been  attended  by  a  body  resis- 
tance far  below  that  usually  met  with. 
The  effect  of  a  shock  may  also  be  to 
cause  such  muscular  contractions  that 
the  victim  is  unable  to  let  go  of  the 
conductor  which  he  has  grasped,  and, 
if  help  is  not  at  hand,  death  may  re- 
sult from  the  prolonged  application  of 
a  current  which,  if  it  had  been  only 
momentary,  might  have  been  com- 
paratively harmless.  On  the  other 
hand,  there  are  on  record  cases  of 
shock  at  pressures  of  several  thou- 
sands of  volts  in  which  death  has  not 
resulted. 

The  ultimate  cause  of  death,  when 
due  primarily  to  electric  shock,  is 
generally  considered  to  be  stoppage 
of  the  action  of  the  heart  or  of  the 
respiratory  organs.  That  the  latter 
may  be  affected  is  shown  by  the  fact 
that  victims  of  electric  shock  are 
sometimes  brought  to  by  the  practice 
of  some  of  the  well-known  methods  of 
artificial  respiration.  The  cessation 
of  the  heart's  action  may  be  due  to 
stimulation  of  the  nerves  which  con- 
trol the  beating  of  the  heart;  these, 
when  stimulated  to  excess,  may  cause 
the  heart  to  stop  altogether. 

The  reports  which  appeared  not 
long  ago  in  the  newspapers  of  an  ac- 
cident resulting  in  death  from  shock 
which  occurred  at  some  public  baths, 
attracted  considerable  attention,  and 
were  calculated  to  prejudice  the  pub- 
lic against  electric  lighting.  The  facts 
of  the  case  were  as  follows: — The 
baths  were  enclosed  in  cubicles,  di- 
vided from  one  another  by  slate  parti- 
tions which  were  held  in  position  by 
an  iron  framework  attached  to  the 
upper  edges  of  the  slate.  The  wires 
for  the  lighting  of  the  baths  were  con- 
tained in  metal  tubing  which  rested 
on  this  iron  framing.  On  the  evening 
of  the  accident  the  attendant  heard  a 
cry,  and  on  entering  one  of  the  cubi- 
cles discovered  its  occupant  standing 
in  the  bath  with  his  hands  grasping 
the  iron  framework  on  the  top  of  the 
partition.  The  current  was  switched 
off  as  soon  as  possible,  but  the  man 
had  become  insensible  and  never  re- 
covered consciousness. 

Shortly  after,  when  the  other  cubi- 
cles were  examined,  a  second  man 
was  found  unconscious,  and  in  his 
case  also  death  ensued.  At  the  cor- 
oner's inquest  it  was  shown  that  alter- 
nating current  was  used  with  a 
pressure  of  200  volts.  The  pipe  sys- 
tem was  earthed  at  one  or  more 
points;  but,  owing  to  a  break  in  the 
continuity  of  the  pipe,  that  section  of 
the  pipe  where  the  accident  had  taken 


place  was  not  connected  to  earth.  A 
faulty  wire  had  made  contact  with  this 
pipe,  so  that  both  the  pipe  and  the 
ironwork  on  which  it  rested  were 
"live"  at  a  pressure  of  200  volts  from 
earth,  while  both  were  insulated  from 
earth  by  the  slate  on  which  they  were 
supported. 

The  bath  was  fitted  with  a  metal 
waste  pipe  which  served  as  a  very  effi- 
cient earth  connection,  with  the  result 
that  from  the  man's  hands,  on  the 
iron  framework,  to  his  feet  immersed 
in  water  and  resting  on  or  near  the 
waste  pipe,  there  was  provided  a  path 
of  low  resistance  for  the  passage  of 
current  through  his  body.  The  re- 
sistance was  probably  much  lowered 
by  the  presence  of  soda  in  the  bath, 
by  the  large  surface  of  the  body  ex- 
posed to  the  water,  and  by  the  moist 
state  of  the  hands  and  of  the  iron- 
work. The  resistance  of  the  writer 
when  tested  under  conditions  approxi- 
mately the  same,  namely,  while  stand- 
ing in  a  bath  of  soapy  water  about  8 
inches  deep  and  with  both  hands 
grasping  a  piece  of  iron  pipe,  meas- 
ured about  1000  ohms.  This,  as  com- 
pared with  the  other  measurements 
cited,  is  extremely  low,  and  would, 
with  a  pressure  of  200  volts,  result  in 
a  current  of  200  milli-amperes  flowing 
through  the  body. 

The  lapse  of  time  before  the  current 
was  switched  off  no  doubt  contributed 
to  the  fatal  result,  while  medical  evi- 
dence showed  that  the  action  of  the 
heart  in  one  of  the  victims  was  prob- 
ably weakened  owing  to  the  presence 
in  the  stomach  of  a  large  quantity  of 
undigested  food.  It  is  probable  that 
both  men  were  in  a  very  susceptible 
condition,  for  several  bathers  stated 
at  the  inquest  that,  by  grasping  the 
ironwork  on  the  partitions,  they  also 
had  received  shocks,  but  without  in- 
jurious results. 

The  obvious  moral  to  be  drawn 
from  this  incident  is  the  importance  of 
thoroughly  earthing  the  entire  system 
of  piping.  Had  this  been  properly 
done  in  the  above-mentioned  bath  in- 
stallation, the  accident  could  not  have 
occurred.  Perfect  safety  can  easily 
be  secured  by  insisting  on  a  high 
standard  of  workmanship. 

Although  the  dangers  of  electric 
shock  have,  of  necessity,  been  referred 
to  at  some  length,  it  must  on  no  ac- 
count be  taken  for  granted  that  acci- 
dents are  of  frequent  occurrence.  As 
a  matter  of  fact,  considering  the  enor- 
mous extent  to  which  electricity  is 
employed,  they  are  extremely  rare  and 
have  caused  relatively  little  loss  of  life. 
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Beginning  with  this  issue  The 
Electrical  Age,  having  been  pur- 
chased by  Mr.  Louis  Cassier,  will 
appear  under  new  management ;  but 
with  the  scant  time  at  disposal  it  was 
impossible  to  make  the  January  num- 
ber in  any  sense  representative  of 
what  the  publication  will  henceforth 
be.  A  better  measure  of  its  future 
character  will  be  afforded  by  the  Feb- 
ruary issue,  concerning  which  an  an- 
nouncement appears  on  another  page. 


Wireless  Telegraph  Developments 

IT  is  now  three  years  since  we 
were  promised  in  no  qualified 
terms  transatlantic  wireless  tele- 
graphy. At  intervals  that  may  be 
said  to  have  corresponded  more 
or  less  with  marked  depression 
in  the  wiieless  stock  market  these 
promises  have  been  repeated  with 
increased  emphasis;  and  in  full  page 
advertisements  the  public  has,  among 
other  things,  been  informed  as  to 
the  exact  prospective  earning  capa- 
city of  each  transatlantic  wireless 
circuit,  which  earnings  never  fail  to 
show  a  clear  10  per  cent,  profit  annu- 
ally on  the  entire  capital  stock  of  the 
H 


company.  These  earnings,  be  it  point- 
ed out,  are  based  on  the  possible 
earnings  of  a  circuit  working  every 
hour  of  the  year  at  a  rate  about  equal 
to  the  best  speed  of  the  Atlantic 
cables,  which  is  assuming  a  maximum 
of  business  to  be  handled  which  the 
Atlantic  cables  have  not  yet  found 
forthcoming.  Probably  these  cables 
are  not  operated  to  their  full  capacity 
more  than  five-sixths  of  the  time,  ex- 
clusive of  Sundays. 

The  comparison  is  also  made  with 
the  cable  service  as  if  transatlantic 
wireless  telegraphy  were  an  accom- 
plished fact,  whereas  not  only  is  this 
not  so,  but  there  is  probably  not  at 
present  a  single  wireless  telegraph  cir- 
cuit in  any  part  of  the  world  where 
the  business  offered  for  transmission 
is  sufficient  to  keep  it  occupied  every 
hour  of  the  twenty-four  at  the  rate  of 
speed  mentioned,  nor  is  it  likely  that 
there  is  in  operation  to-day  anywhere 
a  system  of  wireless  telegraphy  that 
can  be  relied  on  to  work  without  in- 
terruption twenty-four  hours  of  the 
day, — all  of  which  is  said  without  de- 
siring to  detract  in  the  slightest  de- 
gree from  the  immense  importance 
of  wireless  telegraphy  in  its  proper 
sphere. 

But  the  foregoing  facts  profiteth 
the  advertising  and  press  agents  of 
wireless  telegraphy  nothing.  Their 
business  is  to  facilitate  the  transmis- 
sion of  stock  to  the  pockets  of  pros- 
pective investors,  and  indeed, — we 
trust  the  remark  will  not  be  consid- 
ered unkind, — this  appears  to  be  the 
part  of  the  business  now  being  most 
energetically  carried  on  by  many  of 
the  promoters  of  wireless  telegraphy. 

The  rein  which  some  of  these  gen- 
tlemen give  to  their  imagination  is 
well  exemplified  in  one  instance 
where  an  installation  consisting  of  a 
flag  pole,  a  wooden  building  of  the 
dimensions    of    an    automobile    shed, 


containing  a  small  oil  engine,  a  dyna- 
mo machine  and  the  other  ordinary 
apparatus  of  a  wireless  outfit,  are 
alluded  to  as  "a  magnificent  station" 
at  Blanktown.  When,  however,  the 
short  time  that  has  elapsed  since  wire- 
less telegraphy  was  introduced  as  a 
new  art  is  considered,  one  wonders 
not  so  much  that  transatlantic  wire- 
less telegraphy  is  not  yet  an  assured 
practical  success,  but  that  the  art  has 
already  attained  a  degree  of  practica- 
bility whereby  it  is  possible  to  com- 
municate between  passing  vessels,  and 
vessels  and  the  shore,  with  fair  regu- 
larity and  precision. 

For  these  results  unstinted  credit 
should  be  given  to  the  inventors  of 
the  various  systems;  and  it  is,  per- 
haps, quite  possible  that  if  these  in- 
ventors were  allowed  to  pursue  their 
preliminary  investigations  and  experi- 
ments to  a  conclusion  without  undue 
pressure  to  show  immediate  practical 
results  of  some  kind,  the  actual  prog- 
ress would  have  been  even  greater 
than  it  has  been.  Sooner  or  later  the 
possibilities  and  limitations  of  this  art 
will  be  better  understood,  at  which 
time  it  will  be  assigned  to  the  work 
for  which  it  is  pre-eminently  adapted, 
and  the  brain-wearing  attempts  to 
show  its  adaptability  to  purposes 
which  are  already  better  performed 
by  other  methods  will  be  abandoned. 


Making  Gold  from  Silver  Electrically 

THE  electric  theory  of  matter 
has  received  a  strong  impetus 
at  the  hands  of  Lodge,  Thom- 
son, Crookes  and  others,  especially 
since  the  discovery  of  the  radio- 
active substances,  such  as  thorium, 
radium  and  others.  This  theory 
assumes  that  the  material  atom  is 
made   up   of   a   large   number   of   so- 
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called  electrons,  the  number  depend- 
ing' on  the  density  of  the  substance. 
Thus,  for  instance,  it  is  assumed  that 
an  atom  of  hydrogen  is  made  up  of 
about  700  electrons,  a  mercury  atom 
of  about  140,000  electrons,  and  a  gold 
atom  of  about  137,200.  The  different 
known  elements,  therefore,  are  made 
up  of  different  groupings  of  electrons. 
The  theory  further  assumes  that  these 
electrons  are  in  stable  orbital  rotation 
around  one  another,  the  whole  being 
held  together  by  mutual  attraction, 
their  orbits  being  as  large  relative  to 
the  size  of  the  electrons  as  the  orbits 
of  the  planets  of  the  solar  system. 
With  such  a  theory  as  this  it  was  to 
be  expected  that  modern  alchemists 
would  promptly  seize  the  opportunity 
of  bringing  about  a  rearrangement  of 
the  electrons  so  as  to  produce  from 
one  element  a  more  valuable  one. 

This  expectation  has  been  realized 
in  the  person  of  a  Philadelphian  in- 
ventor or  experimentalist  who  claims 
to  have  already  brought  about  a  trans- 
mutation of  silver  into  gold.  He 
selects  silver  for  the  transmutation 
because  of  the  approximate  similarity 
of  these  two  elements  chemically  con- 
sidered. The  process  by  which  the 
transmutation  is  accomplished  is 
chemical  and  electrical,  of  course. 
The  inventor  admits  that  the  elemen- 
tary forces  of  nature  in  combination 
and  decomposition  are  well-nigh  irre- 
sistible, and,  therefore,  to  transform 
one  atom  into  another  it  is  necessary 
to  destroy  the  inductional  capacity  of 
the  electrons  by  bringing  them  to  a 
condition  of  temporary  inactivity  or 
torpor.  The  electrons  can  then  be 
segregated,  he  claims,  and  forced  out 
of  their  previous  correlation,  and  then 
be  reassembled  in  any  desired  group- 
ing. The  inventor  has  no  difficulty  in 
showing  prospective  investors  in  the 
stock  of  the  company  which  will  prob- 
ably be  organized  that  the  net  profits 
in  transforming  one  million  ounces  of 
silver  into  a  similar  amount  of  gold 
will  be  over  sixteen  millions  of  dol- 
lars, the  cost  of  transformation  being 
only  17  per  cent,  of  the  value  of  the 
product.  This  scheme,  it  will  be  seen, 
is  quite  as  reasonable  as,  and  far  out- 
strips in  calculable  profits,  the  Keeley 
motor  enterprise,  the  home  of  which, 
by  the  way,  was  also  in  Philadelphia. 


High-Pressure   Gas    Distribution 
by    Gas    Power 

A  GAS-POWER    installation    of 
exceptional  interest  is  now  un- 
der   construction    by    the    La- 
clede   Gas    Light    Company,    of    St. 
Louis,  Mo.     The  system  has  for  its 
object   more    efficient   distribution    of 


gas  over  large  areas  than  may  be 
economically  covered  by  the  simple 
method  of  running  large  low-pressure 
mains  from  a  centrally  located  gas- 
generating  plant  to  supply  all  parts  of 
the  city.  The  system  under  construc- 
tion is  intended  to  supply  the  entire 
city  of  St.  Louis,  embracing  an  area 
of  approximately  65  square  miles. 

It  is  evident  that  in  order  to  serve 
the  outlying  districts  of  such  an  area, 
one  of  three  methods  must  be  em- 
ployed— first,  large  low-pressure  feed- 
er from  the  central  holder  to  center  of 
district  to  be  covered ;  second,  me- 
dium-sized feeders  from  main  holder 
to  auxiliary  holder  in  center  of  dis- 
trict; and,  third,  high-pressure  feeder 
to  distributing  center,  using  pressure- 
reducing  valves  at  this  point  for  ob- 
taining proper  pressure  upon  the  ser- 
vice lines.  The  enormous  expense  for 
construction  entailed  by  the  first  two 
methods  has  practically  prohibited 
their  use  in  St.  Louis,  and  the  high- 
pressure  system  is  being  installed. 
With  this  system,  the  size  of  feeder 
pipes  is  greatly  reduced,  and  the  ne- 
cessity of  auxiliary  district  holders  is 
entirely  done  away  with. 

For  serving  suburban  communities, 
lying  far  beyond  the  city  limits,  this 
method  may  be  extended  and  the  pres- 
sure of  the  gas  raised  to  any  desirable 
extent  for  transmission  through  small 
pipes,  this  pressure  being  reduced  at 
the  suburban  distributing  center  by 
pressure  regulators,  as  in  the  medium- 
pressure  system  above  mentioned. 

This  gas-distributing  system  as  a 
whole  presents  a  striking  similarity  to 
the  ordinary  alternating-current  dis- 
tribution system  with  primary  high- 
pressure  feeders,  reducing  transform- 
ers and  secondary  low-pressure  dis- 
tributing lines,  the  theory  of  high- 
pressure  transmission  being  in  both 
cases  identical. 

The  pressures  to  be  employed  in  the 
system  under  construction  at  St.  Louis 
are  approximately  5  lbs.  per  square 
inch  for  the  medium-pressure  feeders, 
and  from  20  to  80  lbs.  per  square  inch 
for  the  high-pressure  suburban  feed- 
ers. On  account  of  the  use  of  cast 
iron  mains,  the  5-lb.  limit  was  chosen 
for  the  medium-pressure  system,  but 
for  the  high-pressure  system  iron  pipes 
with  screwed  fittings  will  be  used. 
With  this  construction  any  desirable 
pressure  may  be  carried  with  entire 
safety  and  the  radius  of  distribution 
extended  to  100  miles  if  necessary. 

In  the  medium-pressure  system  the 
gas  pressure  will  be  supplied  by  a 
blowing  unit,  consisting  of  a  standard 
Connersville  blower  direct-driven  bv  a 
300-H.  P.  Westinghouse  horizontal 
gas  engine.  The  engine  is  of  the  type 
recently  brought  out  for  high-power 
work  and  embodies  a  number  of  newly- 


developed  features  which  distinguish 
tin'  construction  of  the  horizontal  type. 
The  engine  has  two  double-acting 
cylinders,  16J  inches  in  diameter  and 
24-stroke,  arranged  in  tandem  fashion, 
with  a  single  crank.  The  engine  uses 
for  fuel  the  ordinary  illuminating  gas, 
such  as  is  distributed  to  customers, 
and  draws  its  supply  directly  from  the 
gas  main. 

The  St.  Louis  installation  is  one  of 
the  first  of  its  kind  in  the  illuminating 
gas  field,  although  the  system  has  long 
been  in  successful  use  in  the  distribu- 
tion of  natural  gas  over  large  districts 
adjacent  to  natural  gas  fields.  The 
St.  Louis  system  is  in  charge  of  Mr. 
W.  A.  Baehr,  engineer  of  the  Laclede 
Gas  Light  Company. 


The    Harmlessness    of   Electricity 

WHEN  fatalities  or  damages 
seemingly  attributable  to 
electricity  occur,  the  popu- 
lar belief  is  that  electricity  itself, 
as  a  force,  is  directly  responsible  for 
them.  In  fact,  however,  there  are 
few  forces  of  nature  that  are  less 
harmful  in  themselves  than  electri- 
city. The  damage  done  by  flood  or 
tornado,  for  instance,  is  done  directly 
by  the  water  or  the  air.  But  electri- 
city, when  it  works,  usually  does  so 
indirectly  or  by  setting  another  of 
nature's  forces  into  operation. 

An  exception  to  this  may  be  where 
the  victim  may  have  been  so  weak, 
physiologically,  that  a  simple  fall  from 
a  chair  might  have  had  a  similar  re- 
sult. But  in  the  majority  of  cases 
death  from  electric  shock  is  shown  to 
be  due  to  well-defined  chemical 
changes  in  the  blood  or  tissues,  due 
to  the  electric  current.  The  damage 
done  also  to  gas  and  water  pipes  by 
electrolysis,  whilst  primarily  occa- 
sioned, it  is  true,  by  the  escape  of 
electricity  from  electric  railway  cir- 
cuits, is  not  directly  due  to  that 
force,  but  rather  to  a  secondary  ac- 
tion, and  that  a  purely  chemical  one, 
namely,  the  setting  free  by  electrical 
action  of  certain  elements,  such  as 
chlorine  and  sodium,  constituents  of  a 
saline  solution  in  the  soil,  which  at- 
tack and  corrode  the  iron  pipes. 
Without  some  such  solution  in  the 
soil  there  would  be  no  such  thing  as 
electrolysis.  Also,  when  lightning 
strikes  a  tree  and  shatters  it,  the  result 
is  not  due  directly  to  electricity,  and 
not  even  to  the  electric  current,  but 
rather  to  the  intense  heat  which  the 
electric  current  generates  in  passing 
through  the  tree,  which  heat  suddenly 
converts  the  sap  into  steam,  and  the 
latter  in  expanding,  if  the  force  be 
sufficient,  tears  the  tree  to  pieces.  If 
the  force  is  not  sufficiently  powerful, 
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the  effect  may  be  only  to  loosen  the 
bark  of  the  tree  in  places,  the  evidence 
of  which  may  last  for  years,  but  may 
not  be  otherwise  hurtful  to  the  tree's 
growth.  So  far,  indeed,  from  elec- 
tricity being  necessarily  fatal  to  ani- 
mal or  vegetable  life,  it  is  well  known 
that  in  proper  quantities  it  is  decided- 
ly beneficial,  and,  when  properly  ap- 
plied, acts  as  a  stimulus  to  vegetation. 
An  excess  of  current,  however,  will 
also  kill  vegetation.  In  both  of  these 
cases  its  action  is  due  to  the  chemical 
changes  which  it  effects  in  the  grow- 
ing plant  or  tree. 

The  injuries  to  shade  trees  by  con- 
tact with  wires  carrying  heavy  cur- 
rents, such  as  electric  light  or  traction 
wires,  is  mostly  mechanical,  an  arc 
forming  at  the  point  of  contact  of  the 
wire  with  the  branch  or  limb  and 
burning  away  the  wood,  leaving  the 
tree  stunted  at  such  places.  In  very 
stormy,  wet  weather,  it  is  not  uncom- 
mon to  have  large  trees  set  on  fire  by 
the  escape  of  current  from  abutting 
electric  light  wires,  the  rain,  paradoxi- 
cal as  it  may  seem,  by  improving  the 
conductivity  of  the  circuit  down  the 
tree  to  the  earth,  virtually  adding  fuel 
to  the  flames. 


;The   Present   Status    of   the   Joint 
Engineering    Building    Plan 

IN  regard  to  the  work  which  has 
been  done  on  the  joint  Engineer- 
ing Building,  for  the  erection  of 
which  Andrew  Carnegie  will  give 
$1,000,000  and  upward,  by  the  com- 
mittee of  fifteen,  an  interesting  circu- 
lar has  been  issued  by  the  American 
Society  of  American  Engineers.  It 
embodies  a  good  deal  of  new  material 
and  data,  part  of  which,  the  report 
of  the  committee  on  organization, 
composed  of  Dr.  A.  R.  Ledoux,  C. 
W.  Hunt  and  Dr.  S.  S.  Wheeler,  we 
give  below : 

Having  considered  legal  advice  and 
taken  note  of  all  suggestions  received, 
the  committee  unanimously  advise  as 
follows : 

1.  The  total  amount  offered  by  Mr. 
Carnegie  shall  be  administered  as  two 
gifts:  one  to  the  engineering  socie- 
ties, and  the  other  to  the  Engineers' 
Club,  each  to  be  held  and  adminis- 
tered independent  of  the  other.  The 
allocation  of  the  fund  to  be  made  at 
once,  but  the  buildings  to  be  designed 
and  erected  as  one  operation ;  there- 
after the  respective  titles  and  adminis- 
trations to  be  entirely  independent. 

2.  The  property  represented  by 
land,  buildings  and  equipment  of  the 
engineering  societies,  shall  be  held 
and  administered  by  an  executive  cor- 
porate body,  preferably  under  a  spe- 


cial charter,  to  be  obtained  from  the 
State  of  New  York,  each  of  the  con- 
stituent societies  being  entitled  to 
name  from  its  membership  three  per- 
sons to  act  as  incorporators  and  there- 
after as  directors. 

3.  Each  society  annually  to  elect  or 
appoint,  as  their  by-laws  may  pre- 
scribe, one  of  their  voting  members 
to  serve  on  the  board  of  directors  cf 
the  executive  corporation  for  a  term 
of  three  years ;  a  vacancy  in  said 
board  to  be  filled  by  an  appointment 
made  by  the  society  the  retirement  of 
whose  representative  causes  the  va- 
cancy. 

4.  The  land  and  property  being 
held  for  the  societies  by  an  executive 
corporation,  the  said  corporation  may, 
to  pay  for  the  land  acquired,  issue  cer- 
tificates of  indebtedness  or  bonds 
bearing  interest  at  4  per  cent,  and  re- 
deemable on  six  months'  notice,  the 
buildings  being  a  gift  from  Mr.  Car- 


negie. 


5.  Each  of  the  constituent  societies 
may  purchase  and  hold  an  equal 
amount  in  value  of  the  said  bonds  or 
certificates,  but  the  board  of  directors 
of  the  executive  corporation  may 
authorize  any  of  the  constituent  socie- 
ties to  hold  an  additional  amount ; 
that  is,  in  excess  of  its  portion,  but 
such  excess  shall  be  subject  to  recall 
at  its  par  value  at  any  time  that  the 
directors  of  the  executive  corporation 
may  so  order,  to  the  end  that  each 
society  shall  have  an  equal  interest  in 
the  property  cf  the  corporation  if  it 
so  desires. 

The  certificates  held  by  each  society 
shall  be  inalienable  unless  they  are 
offered  to  the  executive  corporation 
at  their  par  value,  and  such  tender 
shall  not  be  accepted  by  the  board  of 
directors  within  one  year  thereafter. 

6.  The  property  of  the  executive 
corporation  shall  be  used  perpetually 
as  a  meeting  place  and  headquarters 
for  the  constituent  societies,  and  for 
such  other  scientific  associations  as 
may  be  temporarily  admitted  by  the 
consent  of  the  board  of  directors  of 
the  executive  corporation.  Such  asso- 
ciations may  pay  a  pro  rata  share  in 
the  expenses  of  the  headquarters,  but 
no  profit  shall  be  made  for  such  use. 

7.  Each  of  the  participating  socie- 
ties shall  be  entitled  to  rooms  and 
space  in  the  property  adequate  to  its 
need,  paying  its  share  of  the  running 
expenses  in  accordance  with  the 
amount  of  space  occupied ;  said  space 
to  be  assigned  and  a  proper  assess- 
ment therefor  determined  by  the 
board  of  directors  of  the  executive 
corporation. 

8.  The  excess  of  receipts  over  ex- 
penditures, if  any,  shall  be  used  for  re- 
ducing the  subsequent  contribution  of 
the   several   societies   for  maintaining 


the  bidding,  and  for  the  advancing  of 
engineering  arts  and  science,  by  and 
through  the  participating  constituent 
associations.  No  dividends  shall  be 
declared  or  profits  divided,  but  a 
reasonable  repair  and  rebuilding  fund 
may  be  established. 

9.  If  the  income  of  the  executive 
corporation  shall  be  less  than  the  ex- 
penditure, the  deficiency  shall  be  made 
good  by  an  assessment  on  each  of  the 
constituent  societies,  so  allocated  as  to 
be  in  proportion  to  the  number  of  vot- 
ing members  of  each  society. 

An  excess  of  receipts  over  expendi- 
tures may  be  allocated  to  the  societies 
in  like  manner  to  reduce  their  annual 
assessment. 

10.  Should  any  of  the  constituent 
societies  fail  or  refuse  to  appoint  di- 
rectors, the  remaining  members  of  the 
board  of  the  executive  corporation 
shall  administer  the  property  with  all 
the  force  and  effect  as  though  the 
board  contained  its  full  quota  of  mem- 
bers. 

11.  Finally  your  committee,  in 
offering  the  above  suggestions,  has 
had  in  mind  the  setting  aside  of  the 
money  used  for  a  building  for  the  En- 
gineers' Club,  so  that  on  the  comple- 
tion of  the  said  buildings  the  relations 
of  the  club  and  of  the  engineering  so- 
cieties will  terminate.  Thencefor- 
ward, the  constituent  societies  are  to 
carry  through  the  executive  corpora- 
tion the  administration  of  the  build- 
ing and  its  accessories,  leaving  the 
scientific,  professional,  intellectual 
and  financial  activity  in  each  organi- 
zation entirely  independent  of  the 
others,  and  free  to  develop  to  any  ex- 
tent and  along,  any  line  that  may  be 
determined  each  for  itself. 


The  Morse  thermo  gauge,  by  means 
of  which  one  can  tell  at  a  glance  how 
hot  a  mass  of  metal  is,  consists  of  a 
short  telescope  tube  containing  an  in- 
candescent electric  lamp,  having  its 
filament  arranged  in  spiral  form.  This 
is  connected  to  an  ammeter  and  rheo- 
stat, by  means  of  which  any  desired 
current  may  be  switched  on  the  lamp. 
A  table  gives  the  heat  equivalent  of 
various  degrees  of  incandescence. 
When  current  is  on  the  lamp  and  the 
instrument  pointed  at  the  heated  ob- 
ject, the  spiral  will  appear  brighter  or 
darker  than  the  object  viewed,  accord- 
ing to  the  amount  of  current  in  the 
lamp.  The  rheostat  is  set  to  the  prop- 
er current  to  give  the  desired  heat  in 
the  metal,  say  900  degrees.  When  the 
filament  shows  no  brighter  or  darker 
than  the  metal  the  object  has  reached 
the  900  degrees.  The  instrument  is 
said  to  be  very  accurate,  not  varying 
5  degrees  in  1,000. 
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The  Cooper  Hewitt  Mercury  Va^por  Lamp 


By    Dr.    A.    P.    WILLS 


WHEN  Dr.  Cooper  Hewitt 
undertook  to  develop  a 
new  source  of  illumination 
which  should  be  at  once  easily  capable 
of  practical  application  and  more 
economical  in  operation  than  the 
methods  then  in  use,  he  selected  one 
of  the  most  difficult  of  the  prominent 
physical  problems  which  for  a  long 
time  have  been  crying  for  solution. 
That  he  has  in  large  measure  suc- 
ceeded in  his  quest  for  a  solution  of 
the  problem  which  he  undertook,  is 
evidence  of  the  endless  perseverance 
and  high  order  of  experimental  skill 
necessarily  employed. 

As  a  result  of  continuous  study  in 
the  laboratory  for  many  years,  the 
making  of  thousands  of  experiments, 
the  expenditure  of  much  money,  and  a 
fixed  determination  not  to  be  beaten  by 
the  vagaries  of  inanimate  matter,  the 
Cooper  Hewitt  mercury  vapor  lamp  is 
now  a  commercial  success,  with  a  wide 
field  of  application  opening  before  it. 
The  new  lamp  is  an  electrical  device 
for  producing  light,  in  which  mercury 
vapor  is  employed  to  conduct  a  cur 
rent  of  electricity,  the  vapor  emitting 
an  intense  light  during  the  process. 
The  important  feature  of  the  lamp  is 
that  it  transforms  a  greater  portion  of 
a  given  amount  of  electrical  energy 
into  the  form  of  light  energy  than  does 
any  other  known  device. 

The  lamp  consists  essentially  of  a 
glass  tube,  from  which  all  the  air  has 
been  exhausted,  but  which  contains  a 
small  amount  of  liquid  mercury  and  is 
filled  with  mercury  vapor.  At  the  ends 
of  the  tube  are  means  for  introducing 
the  electric  current.  At  the  positive 
end  the  tube  swells  out,  forming  a 
chamber,  which,  for  reasons  which 
will  soon  be  apparent,  is  called  the 
condensing  chamber.  A  platinum 
wire  is  sealed  into  each  end  of  the 
lamp.  At  the  positive  end  the  wire 
connects  either  with  a  small  puddle  of 
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mercury  or  a  piece  of  iron,  according 
to  the  type  of  electrode  used,  and  this 
constitutes  the  positive  electrode,  or 
anode.  At  the  negative  end  the  wire 
connects  with  a  small  puddle  of  mer- 
cury constituting  the  negative  elec- 
trode, or  cathode. 

The  lamp  may  be  made  of  such  di- 
mensions as  to  make  it  suitable  for  a 


direct-current  line  of  any  assigned 
voltage.  Most  lamps  are  designed  to 
run  on  a  line  voltage  of  about  115 
volts.  A  lamp  about  4  feet  in  length 
and  1  inch  in  diameter  would  be  suit- 
able for  this  voltage  and  would  work 
best  on  a  current  of  about  3  amperes. 
Lamps  have  been  made  varying  in 
diameter  from  -g  of  an  inch  to  4  inches, 


A    COOPER  HEWITT  LAMP    WITH    WHICH    THE   TILTING    METHOD   OF    STARTING 

IS        i  EMPLOYED.       THIS     METHOD    IS     EXPLAINED    ON     PAGE     19. 

17 


18 


THE     ELECTRICAL     AGE 


February,  1904 


Mr.  J.  F.  Mason 
Mr.    George    Westinghouse 


Mr.  J.   H.   Lukach 

Mr.     Maurice    Leblanc 


A    PORTRAIT  GROUP   TAKEN    BY   THE  LIGHT   OF   THE    COOPER    HEWITT    MERCURY   VAPOR   LAMP 


February,   J  904 


THE     ELECTRICAL     AGE 


19 


and  in  length  from  a  few  inches  to  12 
feet. 

Before  being-  started,  the  electrical 
resistance  of  a  mercury  vapor  lamp  is 
decidedly  different  from  that  which  is 
present  while  the  current  is  actually 
flowing-;  in  fact,  the  resistances  under 
these  different  conditions  are  not  even 
of  the  same  order  of  magnitude.  Be- 
fore a  lamp  is  started,  a  voltage  of 
thousands  of  volts  may  be  applied  at 
its  terminals  without  causing  a  particle 
of  current  to  flow  through  it.  This 
extraordinary  high  resistance  is  prob- 
ably, for  the  most  part,  due  to  the 
peculiar  difficulty  experienced  when  it 
is  attempted  to  make  electricity  pass 
from  a  gas  into  a  metal  while  the  latter 
is  cold.  This  effect  is  referred  to  tech- 
nically as  the  negative  electrode  resis- 
tance to  starting,  or  the  initial  cathode 
resistance,  and  was  one  of  the  chief 
difficulties  encountered  in  the  develop- 
ment of  the  lamp.  The  method  of 
treatment  required  by  this  difficulty 
was  very  ably  discovered  by  Dr. 
Cooper  Hewitt,  who  afterwards  actu- 
ally employed  the  principle  of  the 
difficulty  in  an  extremely  important 
invention,  namely,  the  Cooper  Hewitt 
converter.* 

This  negative  electrode  resistance  to 
starting  may,  as  pointed  out  by  Dr. 
Hewitt,  be  almost  totally  destroyed  in 
various  ways.  One  method  of  de- 
stroying- it,  and  thus  permitting  the 
lamp  to  operate  under  ordinary  com- 
mercial voltages,  is  to  send  a  small, 
momentary  high-tension  current  from 
an  inductance  coil  through  the  lamp, 
which  at  the  same  time  is  connected 
with  the  low-voltage  mains.  This 
high-tension  current  penetrates  the 
high  cathode  resistance  and  the  cur- 
rent from  the  low- voltage  mains  fol- 
lows in  its  wake,  as  it  were,  and  if  this 


turned  off;  and  if  it  is  desired  to  re- 
light the  lamp  the  same  procedure  has 
to  be  repeated.  To  facilitate  the  start- 
ing of  the  lamp  by  this  method  the  so- 
called  "starting  band"  is  employed. 
This  is  simply  a  narrow,  thin  metallic 
band  attached  to  the  outside  surface  of 
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While  the  lamp  is  operating,  the 
current  usually  enters  the  mercury 
cathode  at  a  single  luminous  point,  in- 
dicating that  just  there  the  tempera- 
ture is  quite  high.  At  this  point  there 
seems  to  be  a  marked  depression  in 
the  surface  of  the  mercury.  In  some 
cases  this  amounts  to  as  much  as  -J  of 
an  inch.  The  point  at  which  the  cur- 
rent enters  the  cathode  is  not  in  gen- 
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DIAGRAM  ILLUSTRATING  THE  METHOD  OF  STARTING  BY  HIGH-TENSION  DIS- 
CHARGE. TO  LIGHT  THE  LAMP,  THE  MAIN  SWITCH,  WHICH  IS  MOUNTED  ON  A 
SMALL  PANEL  BOARD,  IS  CLOSED,  AND  THEN  THE  LEVER  HANDLE  ON  THE  QUICK- 
BREAK  SWITCH  IS  PRESSED  DOWN,  THUS  COMPLETING  A  CIRCUIT  THROUGH  THE 
SERIES  RESISTANCES  AND  INDUCTANCES,  CHARGING  THE  COIL.  ON  RELEASING  THE 
HANDLE  THE  QUICK-BREAK  SWITCH  AUTOMATICALLY  OPENS  THE  CIRCUIT  AND 
THE  DISCHARGE  OF  THE  COIL  PASSES  THROUGH  THE  LAMP,  BREAKING  DOWN  ITS 
RESISTANCE  AND  ESTABLISHING   A   PATH    FOR  THE   MAIN    CURRENT 


the  lamp  in  the  neighborhood  of  the 
cathode,  and  connected  by  a  wire  to 
the  positive  terminal  of  the  lamp.  The 
precise  nature  of  the  action  of  this 
band  has  not  yet  been  described  by 
Dr.  Hewitt. 

Another  method  of  starting  is 
known  as  the  "method  of  contact." 
This  consists  simply  in  tilting  the  lamp 
until  the  two  electrodes  are  brought 
into  connection   by  a   thin   stream   of 


DIAGRAM    ILLUSTRATING    THE     METHOD    OF    OPERATING    LAMPS    IN     SERIES 


latter  current  be  great  enough  the  high 
cathode  resistance  does  not  again  make 
its    appearance    until    the    current    is 


♦Particulars  and  illustrations  of  the  Cooper 
Hewitt  converter  will  be  found  in  a  separate 
article  on  pages  23,  24  and  25.— The  Editor. 


liquid  mercury  along  the  length  of  the 
tube ;  then,  upon  tilting  back,  a  cur- 
rent is  started  which  prevents  the  high 
cathode  resistance  from  making  its 
appearance,  and  the  lamp  continues  to 
operate  until  the  current  is  turned  off. 


eral  stationary,  but  dances  around, 
apparently  aimlessly,  over  the  surface 
of  the  mercury.  This  dancing  effect 
can  be  easily  prevented,  however,  by 
allowing  the  platinum  wire  which  con- 
nects the  mercury  cathode  to  the  out- 
side circuit  to  protrude  slightly  above 
the  surface  of  the  mercury  ;  in  this  case 
the  current  prefers  to  enter  the  cathode 
where  the  wire  emerges  from  its  sur- 
face, and  the  dancing  effect  vanishes. 

At  the  anode,  where  the  current  is 
introduced  into  the  vapor,  some  pecu- 
liar effects  are  observed ;  but  they  are 
not  comparable  in  interest  with  the 
phenomena  which  the  cathode  pre- 
sents. 

The  current  is  carried  through  the 
lamp  itself  by  the  mercury  vapor  which 
is  present  within  it.  It  is  not  proposed, 
however,  to  discuss  in  this  article  the 
theory  of  the  mechanism  of  conduc- 
tion. In  all  probability  the  .modern 
theory  of  electrons,  as  developed  by 
Prof.  J.  J.  Thomson  and  his  students, 
will  prove  adequate  to  explain  the 
facts  observed. 

It  should  be  noted  that  the  mole- 
cules of  the  conducting  vehicle,  the 
mercury  vapor,  are  enormously  more 
widely  separated  than  are  the  mole- 
cules in  ordinary  metallic  conductors. 
This  difference  involves,  for  the  case 
of  the  vapor,  marked  changes  in  the 
laws  of  resistance  applicable  to  the 
more    familiar    forms    of   conductors. 
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The  laws  of  electrical  resistance  for  the 
vapor  are  very  much  more  complex. 
They  have,  however,  been  tolerably 
well  unraveled.  The  voltage  which  a 
lamp  will  require  in  order  to  produce 
a  given  flow  of  current  can  be  predict- 
ed with  considerable  accuracy,  pro- 
vided the  geometrical  data  of  the  lamp 


are  given. 


The  resistance  which  a  mercury  va- 
por lamp  offers  to  the  passage  of 
electric  current  may  be  separated  into 
three  distinct  parts : — -First,  the  resist- 
ance encountered  by  the  current  in 
passing  from  the  anode  into  t*he  vapor ; 
second,  the  resistance  of  the  vapor 
column  itself ;  and  third,  the  resistance 
encountered  by  the  current  in  passing 
from  the  vapor  into  the  cathode. 

In  the  commercial  lamp  the  poten- 
tial drop  over  the  anode  is  about  eight 
volts  and  is  approximately  indepen- 
dent of  the  magnitude  of  the  current 
flowing  and  the  diameter  of  the  tube. 
The  anode  resistance,  then,  varies  in- 
versely with  the  current.  The  potential 
drop  over  the  cathode  is  about  five 
volts  and  is  approximately  indepen- 
dent of  the  diameter  of  the  tube  and 
of  the  magnitude  of  the  current  flow- 
ing, provided  that  the  current  is  above 
a  certain  minimum  value,  depending 
upon  the  inductance  and  resistance  in 
series  with  the  lamp.  If  the  current 
falls  below  this  minimum  value,  the 
cathode  resistance  immediately  be- 
comes enormous  and  the  lamp  goes 
out.  A  certain  amount  of  inductance 
and  resistance  is  usually  placed  in 
series  with  the  lamp,  as  this  has  a  bene- 
ficial effect,  causing  the  lamp  to  op- 
erate more  steadily. 

The  laws  of  resistance  of  the  vapor 
column  to  the  passage  of  the  electric 
current  are  not  so  easily  summed  up. 
The  difficulties  in  the  way  of  discover- 
ing these  laws  were  numerous  and 
perplexing.  It  was  early  recognized 
that  four  quantities  were  predominant 
in  fixing  the  resistance  of  the  vapor  to 
the  passage  of  the  current,  namely,  the 
length  of  the  tube,  the  diameter  of  the 
tube,  the  magnitude  of  the  current,  and 
the  density  of  the  vapor.  But  to  de- 
vise means  by  which  the  effect  of  each 
of  these  quantities  could  be  separately 
investigated  and  to  perform  the  neces- 
sary experiments  constituted  a  task  re- 
quiring many  months  of  painstaking 
labor.  However,  the  necessary  data 
were  finally  obtained  and  are  now  be- 
ing discussed  with  the  view  of  formu- 
lating them  so  far  as  possible. 

The  results  can  be  roughly  ex- 
pressed as  follows: — The  resistance  of 
a  lamp  increases  directly  with  its 
length;  it  decreases  with  increase 
of  its  diameter  and  at  a  greater  rate 
when  the  current  and  diameter  are 
small  and  the  vapor  density  large ;  it 
decreases  with  increase  of  the  current 


and  at  a  greater  rate  when  the  current 
and  diameter  are  small  and  the  vapor 
density  large;  it  increase?  with  in- 
crease of  the  vapor  density  and  almost 
directly,  although  at  a  certain  value  of 
the  density  (varying  with  different 
currents  and  different  diameters),  the 
rate  of  increase  changes  somewhat 
abruptly  and  is  less  for  values  of  the 
density  greater  than  this  value  than  it 
is  for  lesser  values. 

When  the  vapor  density  is  quite 
high,  say  for  values  greater  than  those 
corresponding  to  a  pressure  of  three 
millimeters  of  mercury,  the  luminous 


necessarily,  surrounds  the  positive 
electrode  at  the  upper  end  of  the  lamp. 
By  virtue  of  its  size  it  has  a  consider- 
able radiating  surface  exposed  to  the 
air  and  consequently  the  temperature 
within  it,  except  in  that  portion  of  it 
which  is  quite  close  to  the  electrode,  is 
low,  compared  with  that  in  the  other 
parts  of  the  lamp.  In  consequence  of 
this  the  pressure  also  is  low  in  this  re- 
gion, and  the  mercury  vapor  from  the 
main  part  of  the  tube  rushes  into  the 
chamber  and  condenses  there.  The 
effect  of  all  this  is  to  keep  the  vapor 
density  in  the  conducting  column  at  a 


A   REPRODUCTION    OF  A   PHOTOGRAPH   OF  THREE   COOPER    HEWITT  LAMPS,  TAKEN   BY 
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column  no  longer  fills  the  tube;  and 
when  the  density  is  very  high  it  is  of 
very  small  cross-section  and  passes 
along  the  axis  of  the  tube.  The  vapor 
pressure  of  a  lamp  operating  under 
normal  conditions  is  in  the  neighbor- 
hood of  one  millimeter  of  mercury. 

It  has  been  observed  by  Dr.  Hewitt 
that  there  is  a  value  of  the  vapor  dens- 
ity at  which  the  light  efficiency  of  a 
lamp  is  greatest,  and  lamps  are  de- 
signed to  run  at  this  density  when  they 
are  to  be  operated  under  commercial 
conditions.  In  order  to  maintain  the 
density  at  the  proper  point  the  con- 
densing chamber  mentioned  at  the  be- 
ginning of  this  article  is  employed. 
This    chamber    usually,    though     not 


lower  value  than  it  would  otherwise 
assume. 

By  making  the  condensing  chamber 
of  the  proper  dimensions,  the  vapor 
density  can  easily  be  made  that  corre- 
sponding to  the  greatest  light  effi- 
ciency. In  connection  with  all  this,  it 
should  be  remembered  that  the  mer- 
cury at  the  cathode  is  continually  va- 
porizing, owing  to  the  heat  produced 
by  the  current.  After  condensing  in 
the  condensing  chamber  the  mercury 
falls  back  into  the  cathode  end,  and 
after  a  while  again  takes  its  turn  at 
being  vaporized. 

By  means  of  thermo-couples  the 
mean  temperature  inside  of  the  lamps 
has  been  measured.     This,  of  course, 


22 


THE     ELECTRICAL     AGE 


February,  J  904 


REPRODUCED   FROM    A   PHOTOGRAPH    TAKEN    BY   THE  LIGHT   FROM    THE   LARGE  LAMP    HERE    SHOWN 


depends  on  the  current,  diameter,  and 
density  of  the  vapor.  But  ordinarily 
it  is  not  so  very  high, — a  few  hundred 
degrees  Centigrade  at  the  most. 

In  a  casual  examination  of  the 
Cooper  Hewitt  lamp  the  most  striking 
feature  is  the  color  of  the  light  which 
it  emits.  This,  to  be  appreciated,  must 
be  seen.  Tt  is  difficult  to  describe.  Per- 
haps if  one  spoke  of  the  light  as  seem- 
ingly having  a  yellowish-bluish-green 


color  he  would  not  be  far  wrong.  The 
reason  for  this  peculiar  color  becomes 
evident  when  the  light  is  examined 
with  a  spectroscope.  There  are  visi- 
ble two  somewhat  faint  orange  lines, 
two  very  bright  green  lines,  two  bright 
blue. lines,  and  two  faint  violet  lines. 
But  there  are  no  red  lines  present. 
This  means,  of  course,  that  the  lamp 
cannot  give  off  white  light,  since  red 
is    a    necessarv    constituent    of    white 


light.  The  addition  of  the  colors 
which  are  present  in  the  light  gives  a 
composite  color  of  the  peculiar  nature 
referred  to  above. 

From  the  fact  that  no  red  rays  are 
emitted  by  the  lamp,  there  results  un- 
der its  action  a  remarkable  color  dis- 
tortion for  those  objects  which  ordi- 
narily reflect  red  light.  The  human 
face  and  lips,  for  instance,  assume  a 
decidedly  gruesome  appearance  when 
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seen  by  the  mercury  vapor  light.  On 
some  accounts,  of  course,  this  color 
distortion  is  objectionable,  and  much 
time  has  been  spent  in  attempting  to 
discover  means  tor  overcoming  it ;  but 
the  problem  has  not  yet  been  complete- 
ly solved.  Occasional  visitors  to  Dr. 
Hewitt's  laboratory  have  proposed  to 
solve  it  by  making  the  tube  itself  of  red 
glass ;  but  a  moment's  reflection  will 
show  that  if  this  suggestion  were  car- 
ried out,  no  light  at  all  would  emerge 
from  the  lamp  ;  for  red  glass  transmits 


only  red  light  and  there  would  be  no 
red  light  to  transmit. 

The  light  is,  however,  extremely 
rich  in  ultra-violet  rays ;  that  is,  in  the 
rays  which  are  chemically  active.  This 
makes  it  very  valuable  in  photographic 
work.  In  this  sort  of  invisible  light  it 
is  even  richer  than  the  arc  light. 

Concerning  the  efficiency  of  the  mer- 
cury vapor  lamp,  it  may  be  said  to 
be  from  two  to  three  times  that  of  the 
arc  light,  and  from  six  to  eight  times 
that  of  the  incandescent  light. 


An    Edison    Medal 


FOR  ORIGINAL  WORK  OF  ELECTRIC   ENGINEERING  STUDENTS. 


STEPS  have  been  taken  by  the 
friends  and  associates  of  Thomas 
A.  Edison  to  found  a  medal,  to 
be  entrusted  to  the  American  Institute 
of  Electrical  Engineers,  which  it  is 
proposed  to  award  annually  to  grad- 
uating students  in  electrical  engineer- 
ing, in  commemoration  of  the  twenty- 
fifth  anniversary  of  the  introduction 
and  commercial  development  of  the 
incandescent  lamp.  The  Edison  Med- 
al Association  has  been  organized  to 


carry  this  purpose  into  effect,  and  it  is 
proposed  to  present  the  medal  fund  at 
the  annual  dinner  of  the  American  In- 
stitute of  Electrical  Engineers,  which 
will  be  held  at  New  York  on  February 
ii,  at  which  Mr.  Edison  will  be  a 
guest  of  honor.  This  date,  by  the 
way,  is  also  that  of  Mr.  Edison's  birth- 
day. 

Through  its  council,  the  Institute 
has  accepted  the  trusteeship  of  the 
medal  fund.     A  circular  which  is  be- 


ing issued  by  the  Edison  Medal  Asso- 
ciation announces  that  it  is  the  inten- 
tion to  award  the  medal  each  year  to 
the  graduating  student  who  shall  pre- 
sent the  best  thesis  on  some  original 
subject.  Students  from  universities 
of  the  United  States  and  Canada 
which  have  regular  courses  in  engin- 
eering will  be  eligible.  Canada  has 
been  included,  not  only  because  of  the 
fact  that  Mr.  Edison's  mother  was  a 
Canadian  and  that  part  of  his  life  was 
spent  in  that  country,  but  because  to- 
day the  Institute  not  only  selects  some 
of  its  officers  from  that  country,  but 
professors  and  students  are  freely  in- 
terchangeable, considerations  which 
render  the  inclusion  of  Canada  by  the 
founders  of  the  medal  eminently  ap- 
propriate. 

It  is  proposed  that  the  medal  shall 
be  executed  by  some  artist  of  distinc- 
tion, and  that,  if  possible,  a  perma- 
nent fund  of  about  $5,000  shall  be  es- 
tablished for  its  maintenance.  The 
officers  of  the  Edison  Medal  Associa- 
tion are  the  following: — Samuel  In- 
sull,  chairman ;  Charles  Batchelor, 
vice-chairman ;  Frank  S.  Hastings,  80 
Broadway,  New  York  City,  treasurer ; 
Robert  Ten  Eyck  Lozier,  secretary. 

They  are  re-enforced  and  assisted 
by    an    executive   committee   of   some 
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thirty  others,  all  of  whom  have  been 
intimately  connected  with  Edison  de- 
velopments, and  by  a  general  com- 
mittee of  one  hundred,  all  of  whom 


THE    COOPER    HEWITT    STATIC    CONVERTER 

have  at  some  time  or  other  been,  more 
or  less,  closely  identified  with  Mr. 
Edison's  work.  The  association  has 
also  appointed  a  dinner  committee  to 


co-operate  with  the  Institute  dinner 
committee  under  Mr.  Calvin  W.  Rice, 
and  has  appointed  other  committees 
on  various  branches  of  its  work.  The 
executive  committee  includes  Wm. 
S.  Andrews,  C.  Batchelor,  Sig.  Berg- 
mann,  R.  R.  Bowker,  C.  A.  Coffin,  R. 
N.  Dyer,  S.  B.  Eaton,  C.  L.  Edgar,  W. 
E.  Gilmore,  W.  J.  Hammer,  C.  T. 
Hughes,  F.  S.  Hastings,  S.  Insull,  E. 
H.  Johnson,  F.  Jehl,  A.  E.  Kennelly, 
I.  W.  Lieb,  Jr.,  H.  W.  Leonard,  R.  T. 
E.  Lozier,  E.  H.  Lewis,  W.  S.  Mal- 
lory,  J.  P.  Morgan,  T.  C.  Martin,  J. 
Ott,  J.  P.  Ord,  E.  Rathenau,  P.  Seu- 
bel,  F.  J.  Sprague,  E.  Thurnauer,  S. 
S.  Wheeler  and  F.  R.  Upton. 

The  interest  taken  in  this  move- 
ment throughout  the  Institute  ranks 
and  among  the  many  old  associates  of 
Mr.  Edison  is  very  great,  not  only  be- 
cause the  Edison  medal  will  be  the 
first  Institute  medal  to  be  founded, 
but  because  one  of  the  great  epochs  in 
electrical  development  will  be  cele- 
brated. At  the  St.  Louis  Exposition 
the  twenty-fifth  anniversary  of  incan- 
descent lighting  is  also  to  be  recog- 
nized. The  engineering  aspects  of  the 
occasion  can  be  fitly  and  legitimately 
used  to  identify  the  American  Insti- 
tute of  Electrical  Engineering  with 
the  lighting  art,  and  by  the  establish- 
ment of  the  Edison  medal  fund  the 
sphere  of  its  influence  and  responsi- 
bilities will  be  enlarged,  since  the 
medal  is  to  be  put  into  its  charge. 


The    Cooper    Hewitt   Static    Converter 


IT  is  well  known  that  the  electric 
transmission  of  power  can  be 
more  efficiently  effected  by  the 
alternating  current  than  by  the  direct 
current,  because  of  the  ability  to  util- 
ize step-up  transformers,  by  means  of 
which  the  current  may  be  transmitted 
over  the  line  at  a  high  pressure  and 
low  current  strength,  while,  at  the  dis- 
tant end,  it  may  be  again  transformed 
by  step-dowi\  transformers  to  a  low 
pressure  and  heavy  current,  such  as 
is  used  to  operate  electric  traction 
motors,  incandescent  lights,  and  to 
charge  storage  batteries.  As,  how- 
ever, direct  current  is  used  to  operate 
traction  motors,  and  to  charge  stor- 
age batteries,  it  is  necessary  to  rectify 
or  convert  the  alternating  current  into 
a  direct  current  before  it  can  be  thus 
utilized.  For  this  purpose  various  de- 
vices are  employed,  such  as  the  motor 
generator  and  the  rotary  converter, 
the  latter  being  a  machine  in  which 
the  alternating  current  is  received  at 
one  terminal  of  the  armature  of  the 
converter,  which  current  serves  to  op- 


erate the  armature  as  a  motor,  and  at 
the  same  time  to  rectify  the  current, 
which,  thus  rectified,  is  delivered  at 
the  other  terminal  of  the  armature  as 
direct  current.  As  an  example  of  the 
utility  of  such  machines,  it  may  be 
mentioned  that  the  great  bulk  of  the 
electric  power  employed  by  the  elec- 
tric traction  companies  of  New  York 
City  is  transmitted  by  alternating  cur- 
rent at  a  pressure  of  about  7,000  volts 
through  cables  from  the  central  power 
station  to  various  sub-stations  in  dif- 
ferent parts  of  the  city,  where,  by 
means  of  rotary  converters,  the  alter- 
nating current  is  converted  into  direct 
current  at  a  service  pressure  of  about 
500  volts.  These  rotary  converters, 
while  fairly  efficient  and  very  useful, 
in  view  of  the  large  extent  to  which  by 
their  use  it  is  feasible  to  employ  the 
alternating  current  for  high-tension 
transmission,  are  virtually  as  expen- 
sive and  as  large  as  dynamo  machines 
of  the  same  capacity. 

The  discovery,  therefore,  somewhat 
over  a  year  ago,  by  Dr.  Peter  Cooper 


Hewitt,  who  has  become  more 
particularly  prominent  electrically 
through  his  mercury  vapor  lamp,  re- 
ferred to  at  length  in  the  opening 
article  in  this  issue,  of  an  alternating- 
current  rectifier,  in  which  the  space 
occupied,  cost  of  construction,  and 
complexity  are  a  mere  fraction  of 
those  of  existing  rectifiers  of  equal 
capacity,  is  of  much  importance. 

The  device,  to  which  the  name  of 
static  or  stationary  converter  has  been 
applied,  is  an  outcome  of  his  extensive 
experiments  with  mercury  vapor 
tubes,  and  its  essential  feature  is  the 
employment  of  the  property  of  vapor 
tubes  by  which  one  sign  of  an  alter- 
nating current  in  passing  through 
such  a  tube  may  be  suppressed.  In 
other  words,  such  a  tube  permits  the 
passage  of  a  current  in  but  one  direc- 
tion, the  electrodes  seemingly  acting 
as  "electric  valves,"  opening,  as  it 
were,  to  permit  the  current  to  flow  in 
one  direction  through  the  tube,  and 
closing  to  suppress  the  flow  in  the 
other  direction. 

One  of  the  static  converters  con- 
structed some  time  ago  by  Dr.  Cooper 
Hewitt  for  testing  purposes  consists 
of  a  glass  vapor  globe,   7   inches   in 


THE  COOPER  HEWITT  CONVERTER  IN  OPERA- 
TION. REPRODUCTION  OF  AN  INSTANTANEOUS 
PHOTOGRAPH,  TAKEN  BY  THE  LIGHT  OF  THE 
CONVERTER 

diameter,  9  inches  long,  and  weighing 
about  three  pounds.  At  the  top  of 
the  globe  there  are  four  finger-like 
projections,  as  will  be  noted  in  the 
illustrations  on  this  page,  through 
each  of  which  passes  a  sealed-in  elec- 
trode. Attached  to  the  end  of  each 
electrode,  within  the  globe  and  near 
its  top,  is  an  inverted  iron  cup  or 
thimble, — four    cups    in    all.     At    the 
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Mr.    George    Westinghouse  Lord   Kelvin  Mr.  Charles  Merz 

AT   A  TEST   OF  THE   COOPER   HEWITT   STATIC   CONVERTER.      FROM    A   PHOTOGRAPH    TAKEN    BY    THE    LIGHT  OF  A  COOPER   HEWITT  LAMP. 


lower  end  of  the  globe  there  is  a  mer- 
cury electrode.  Three  of  the  upper 
electrodes  are  connected  outside  of 
the  globe  to  the  three  wires  of  an  al- 
ternating-current circuit;  the  fourth 
upper  electrode  is  used  for  starting 
the  current  through  the  globe,  prac- 
tically as  is  required  in  the  case  of  the 
Cooper  Hewitt  lamp,  it  having  been 
found  that  a  higher  electromotive 
force  is  necessary  to  start  the  current 
through  such  tubes  than  is  required 
after  the  current  has  been  started. 
The  mercury  electrode  is  connected  to 
one  wire  of  an  ordinary  two-wire, 
direct-current  circuit,  the  other  wire 
of  this  circuit  being  connected  to  the 
neutral  point  of  the  winding  of  the 
generator  or  transformer.  The  cur- 
rent then  enters  the  upper  electrodes 
as  an  alternating  current;  but  as  one 
of  the  signs  or  polarities  of  the  current 
is  suppressed  in  the  tube,  the  current 
passes  out  at  the  lower  electrode  as  a 
pulsating  direct  current.  The  fact 
that  the  current  delivered  is  a  pulsat- 
ing one  is  not,  however,  detrimental, 
unless  the  rate  of  pulsation  should  be 
so  slow  as  to  cause  a  nicker  on  lamp 
circuits,  which  result  can  be  readily 

2-2 


guarded 


against,  and,  on  the  other 
hand,  such  a  current  is  of  advantage 
in  charging  storage  cells. 


The  troubles  of  the  Curies,  famous 
for  their  discovery  of  radium,  were 
many  before  the  now  noted  couple 
gained  recognition  and  independence, 
says  a  writer  in  the  "Independent." 
Neither  had  any  fortune,  and  with  the 
few  thousand  francs  which  they 
earned  it  was  no  easy  task  to  make 
both  ends  meet  at  the  close  of  the 
year  in  such  an  expensive  city  as 
Paris.  So  they  went  out  into  the 
suburbs  of  the  great  capital  and  es- 
tablished themselves  in  the  little  town 
of  Bourg-la-Reine,  distant  two  or 
three  miles  from  the  walls;  and  in 
order  to  save  the  railway  fare,  hus- 
band and  wife,  in  all  weathers  and  at 
all  hours,  made  the  journey  by  bicycle 
from  their  modest  lodgings  to  their 
laboratory  in  the  dingy  old  Rue  Lho- 
mond,  where  they  have  made  their  im 
portant  discoveries.  When  it  is  known 
that  the  road  from  Bourg-la-Reine  to 
Paris  is  block  paved  much  of  the  dis- 
tance and  encumbered  in  many  ways, 
these  goings  and  comings  were  not 


holiday  rides,  especially  in  the  case  of 
the  frail  young  wife. 

Electric  Street  Railways  at  Calais 

ACCORDING  to  Consul  J.  B. 
Milner,  at  Calais,  France,  that 
town  still  has  horse  tramways, 
operated  by  an  English  company,  with 
a  franchise  to  run  for  seventeen  years. 
The  municipality  projected  an  elec- 
tric-tramway system  and  was  granted 
the  concession  by  the  French  Govern- 
ment. The  contemplated  system  is 
estimated  to  cost  $600,000,  in  which 
three  lines  were  comprised,  having  a 
length  of  16  miles — 8  miles  within  the 
corporate  limits  of  the  city — the  con- 
templated system  of  traction  being  the 
Dickinson  trolley.  It  was  intended 
to  commence  the  construction  next 
spring  and  have  the  same  in  operation 
within  one  year.  These  plans  have 
been  upset  by  the  death  of  the  con- 
tractor, whose  heirs  are  now  trying 
This  leaves  an  open- 
for  some  company  to  become 
his  successor  by  arranging  with  his 
heirs.  An  opportunity  may  exist  here 
for  some  enterprising  American  com- 
pany. 


to  sell  his  rights 


ing 


High-Speed   Work  in   Electric   Engineering 


By    Dr.  B.  A.  BEHREND 


IT  is  hardly  twenty  years  ago  that 
the  electrical  engineer  embar- 
rassed the  steam  engineer  by 
demanding  a  speed  for  the  engine 
driving  his  dynamos  with  which  it 
appeared  impossible  to  comply.  The 
dynamo  at  that  time  required  for  its 
economic  operation  speeds  which  were 
difficult  to  obtain  in  the  reciprocating 
engine  then  existing,  and  the  evolu- 
tion of  the  reciprocating  steam  engine 
during  the  past  two  decades  has  been 
a  constant  adaptation  to  the  dynamo, 
with  the  result  that  owing  to  a  careful 
study  of  the  dynamic  conditions  of  the 
moving  masses  the  speeds  of  twenty 
years  ago  have  been  doubled  and 
trebled.  Ten  years  ago  engines  of 
2,000  horse  power,  running  at  60  revo- 
lutions, were  considered  to  have  ap- 
proached the  speed  limit,  whereas  a 
year  ago,  engines  of  7,000  horse  power 
were  put  into  operation  at  a  speed  of 
75  revolutions  per  minute. 

It  seems  almost  like  a  curious  malice 
of  fate  that  at  this  hour  the  state  of 


affairs  has  become  reversed.  It  is  not 
the  engine  builder  who  now  finds  diffi- 
culty in  complying  with  the  high 
speeds  of  the  dynamo  builder,  but  it  is 
the  dynamo  builder  who  is  confronted 
with  the  equally  serious  problem  of 
adapting  his  dynamos  to  the  new  steam 
engine, — the  steam  turbine, — which 
has  apparently  so  suddenly  made  its 
appearance  among  us.  The  turbine  is 
a  high-speed  rotary  engine  and  re- 
quires for  its  best  performance  a  speed 
not  lower  than  500  revolutions  per 
minute  for  7,000  horse  power,  against 
75  revolutions  per  minute  of  the  best 
reciprocating  steam  engine  designed  a 
year  ago. 

Such  an  enormous  difference  in 
speed  must  react  upon  all  the  indus- 
tries in  which  electric  power  is  used. 
Instead  of  vertical  steam  engines,  tow- 
ering 40- and  50  feet  above  the  engine 
floors,  having  several  stories  for  their 
cylinders  and  valve  gears,  requiring 
not  only  much  head  room,  but  also 
considerable    floor    space,    the    steam 


turbine,  small  and  simple,  thrusts  itself 
upon  our  attention  as  one  of  the  most 
important  features  of  the  future  of  en- 
gineering, instead  of  the  huge  foun- 
dation necessary  for  the  gigantic  slow- 
speed  engine,  a  light  foundation 
answers  the  purposes  of  the  steam 
turbine. 

It  is  true  that  much  has  yet  to  be 
done  to  make  the  steam  turbine  as  re- 
liable a  machine  as  the  steam  engine ; 
it  is  true  also  that  much  has  yet  to  be 
done  to  make  the  steam  turbine  gen- 
erator as  satisfactory  in  regard  to 
heating  and  regulation  as  the  engine 
type  generator ;  it  is  true,  again,  that 
much  has  yet  to  be  done  to  design  and 
construct  a  satisfactory  direct-current 
generator  for  direct  connection  to 
steam  turbines  ;  but  ask  what  has  been 
the  most  notable  feature  of  the  engi- 
neering development  of  the  past  year, 
and  the  answer  must  be,  "It  is  the 
coming  in  of  the  high-speed  electric 
generator  with  a  high-speed  prime 
mover." 
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CROSS  SECTION   OF   MANHATTAN    POWER    HOUSE 

SHOWING  SPACE  WHICH  WOULD  BE  OCCUPIED  BY  5000  K.W.   TURBO-GENERATOR 


CROSS  SECTION  OF  MANHATTAN   POWER   HOUSE 

5000  K.W.   COMPOUND  ENGINE  AND  GENERATOR 


A  COMPARISON  OF  PARSONS  STEAM  TURBINES  AND  RECIPROCATING  ENGINES  IN  THE   MANHATTAN   RAILWAY    POWER   HOUSE,   NEW   YORK 


Steam  Turbine  Floor  Space  Economy 

ONE  of  the  important  advantages 
of  the  steam  turbine, — the  sav- 
ing in  floor  space,  to  which  Dr. 
Behrend  directs  attention  in  a  short 
article  on  this  page, — has  thus  far  re- 
ceived relatively  little  prominence  in 
all  that  has  been  said  about  turbines. 
Both  afloat  and  ashore,  however,  it 
counts  for  much.  In  electric  power 
station  equipment,  for  example,  the 
statement  has  been  made,  according  to 
a  paper  by  Mr.  H.  A.  Lardner  before 
the  American  Institute  of  Electrical 
Engineers,  that  the  Westinghouse- 
Parsons  turbine  requires  about  80  per 
cent,  of  the  space  needed  for  a  vertical, 


and  not  over  40  per  cent,  of  that  re- 
quired for  a  horizontal  engine.  This 
statement  is  based  on  a  station  layout 
with  a  clear  space  of  7  feet  in  all  direc- 
tions between  machines.  This  type  of 
turbine  being  horizontal,  requires  less 
head  room  and  consequently  a  cheaper 
building  by  a  considerable  amount 
than  the  vertical  engine.  Tabulated 
data  show  the  required  building  ca- 
pacity for  such  turbines  to  be  about 
50  per  cent,  of  that  needed  for  vertical 


engines. 


A  better  idea  of  what  this  saving  in 
floor  space  means  is  given  by  the 
diagrams  on  this  page,  which  repre- 
sent in  plan  and  elevation  the  com- 
parative space  occupied  by  the  5,000- 


kilowatt  Manhattan  Railway  (New 
York)  engine  type  units  and  the  5,- 
000  -  kilowatt  Westinghouse  -  Parsons 
turbine  units. 

A  later  comer  in  this  field,  the  Cur- 
tis turbine,  controlled  by  the  General 
Electric  Company,  of  Schenectady, 
N.  Y.,  which  is  of  the  vertical-shaft 
type,  is  still  more  saving  in  the  matter 
of  floor  space.  The  following  tables 
will  here  prove  interesting,  giving  the 
principal  dimensions  of  some  of  the 
sizes  which  are  now  being  built: — 

CURTIS     TURBINES      AND     GENERATORS. 


Size 

Height 

Diameter 

Flooi 

space 

KW. 

ft.  in. 

ft.  in. 

sq.  ft. 

R.  P.    M 

500 

12    2 

7    8 

46.2 

1800 

1500 

16  10 

10 

78.5 

900 

3000 

22 

14 

154. 

600 

5000 

27 

14  10 

175. 

500 

FOUR    5000    K.    W.    TURBO-GENERATORS 


TWO    5OOO    K.    W.    COMPOUND  ENGINES   AND   GENERATORS,    SAME  AS   IN 
MANHATTAN    POWER    HOUSE 
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One  of  the  5,000-kilowatt  units  of 
the  Curtis  vertical-shaft  type  steam 
turbines,  which  lias  been  recently  in- 
stalled by  the  General  Electric  Com- 
pany, is  shown  on  page  28. 


cross-compound  condensing  engines 
of  a  well-known  maker.  The  figures 
include  the  space  required  for  an  alter- 
nating-current generator  between  the 


WEST  I  NGHO  USE-PARSONS         TURBINES 
GENERATORS. 

Height         Dimensions 


AND 


Size 

KW 

400 
1000 
5500 


in. 


ft. 

7  6 

S 
15 


ft. 
19  x    5 
43  x    S 
50x12 


Floor  Space 

sq.  ft. 

95 

344 

600 


For  comparison,  the  following  is  the 
Boor    space    required    by    the    vertical 


Simon  then  made  the  surprising  dis- 
covery that  the  arc  could  transmit 
very  distinctly  any  whistling,  knock- 
ing or  musical  sounds,  and  even  re- 
produce words  spoken  into  the  trans- 
mitter. As,  however,  the  acoustic  ef- 
fect obtained  in  this  way  was  rela- 
tively small,  a  pair  of  hearing  tubes 
had  to  be  resorted  to.  The  condi- 
tions of  these  experiments  have  lately 
The  height  of  all  sizes  thus  exceeds      been  improved  by  the  use  of  sensitive 


imes : 

Size 

D 

imesions 

Fl 

aor    Space 

KW. 

ft. 

sq.  ft. 

K 

P.  M. 

500 

15x22 

330 

120 

1000 

21x24 

504 

110 

1500 

22  x  28 

616 

100 

2500 

23  x  32 

736 

90 

3000 

23x34 

782 

75 

that  of  a  similar  size  of  vertical  tur- 
bine. 


Telephoning    Without   Wires 

By    Dr.  ALFRED   GRADENWITZ 


THE  problem  of  transmitting 
news  without  the  agency  of  an 
intermediate  wire  has  been 
solved  in  two  ways.  Whereas  wire- 
less telegraphy,  in  the  hands  of  Mar- 
coni and  many  other  experimenters, 
has  been  developed  to  a  relatively 
high  degree,  the  results  so  far  ob- 
tained in  wireless  telephony  are  of  a 
more  modest  kind.  Among  the  meth- 
ods so  far  proposed  in  this  connection 
the  scheme  suggested  by  Mr.  E.  Run- 
nier, Berlin,  has  given  most  satisfac- 
tory results.  This  system  consists  of 
an  ingenious  combination  of  two  in- 
teresting physical  phenomena, — first, 
the  photo-electrical  effects  of  selenium 
conductors;  and  second,  the  so-called 
speaking  arc. 

Metals  and  similar  substances, 
though  conveying  the  electric  current, 
will  oppose  to  its  passage  a  certain  re- 
sistance, this  being,  as  a  rule,  a  well- 
defined  quantity  for  any  given  body, 
apart  from  slight  temperature  modifi- 
cations. Selenium,  an  element  closely 
related  to  sulphur,  in  this  respect  pre- 
sents a  peculiar  behavior,  its  electrical 
resistance,  which  is  high  in  the  dark, 
being  found  to  be  lowered  to  a  con- 
siderable degree  on  being  exposed  to 
a  more  or  less  intense  illumination. 
This  interesting  property  has  been 
utilized  in  connection  with  the  con- 
struction of  the  so-called  selenium 
cells,  which  consist  mainly  of  a  sele- 
nium rod  inserted  in  an  electric  cir- 
cuit. When  a  beam  of  light  falls  on 
this  selenium  rod  its  resistance  is  low- 
ered to  a  value  ranging  between  one 
tenth  and  one-hundredth  its  initial 
value.  The  intensity  of  the  current  in 
the  circuit  is  accordingly  increased  in 
proportion,  so  that  any  variation  in 
the  illumination  will  result  in  similar 
variations  in  the  strength  of  the  elec- 
tric current.  The  apparatus  thus  be- 
haves like  an  electric  cell  proper,  sus- 
ceptible of  producing  and  modifying 
electric  currents. 


The  other  phenomenon  above  men- 
tioned, that  of  the  speaking  arc,  was 
discovered  by  Prof.  Simon  in  1898. 
The  latter  observed  that  a  continuous- 
current  arc  lamp  would  give  out  very 
strong,  crackling  sounds  as  soon  as 
an  electric  circuit,  traversed  by  a 
feeble,  intermittent  current,  was 
placed  in  parallel  with  the  arc  lamp 
circuit  and  in  its  immediate  neighbor- 
hood. This  phenomenon  is  produced 
even  by  very  low  currents,  so  that 
the  weak  induction  currents  of  a  tele- 
phonic circuit  are  quite  sufficient  to 
produce  the  effect  in  question.     Prof. 


carbon-grain  microphones,  so  that  the 
phenomenon  may  now  be  demon- 
strated before  a  large  audience. 

The  first  one  to  utilize  the  photo- 
electric properties  of  selenium  in  con- 
nection with  a  wireless  telephony, 
was  Alexander  Graham  Bell,  who,  in 
1880,  made  some  experiments  that 
produced  a  sensation.  The  light  beam 
issuing  from  an  arc  search  light  was 
cast  against  a  reflecting  membrane 
placed  at  the  end  of  a  speaking  tube, 
and  was  thence  reflected  to  a  selenium 
cell  placed  in  the  focus  of  a  concave 
mirror.  When  singing  or  speaking 
into  the  speaking  tube,  the  vibrations 
of  the  reflecting  membrane  caused  the 
rays  given  off  by  the  latter  to  alter- 
nately converge  and  diverge,  thus 
producing  an  undulating  illumination 
of  a  selenium  cell,  which  was  connected 
to  two  telephones  and  a  battery  at  the 
receiving  station,  this  illumination 
corresponding  closely  to  the  acoustic 
vibrations  which  strike  the  membrane. 


A    WIRELESS    TELEPHONE    SENDING    STATION 
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As  a  selenium  cell  is  capable  of  react- 
ing on  verv  slight  differences  in  il- 
lumination, by  modifying  its  resist- 
ance the  undulating  light  rays  are  re- 
converted   into    sound    waves    in    the 


took  place  in  the  bay  of  Wyk,  the  dis- 
tance being  small,  and  most  satisfac- 
tory results  being  obtained.  Later 
on  the  distance  was  increased.  Im- 
mediately before  the  beginning  of  the 


A    WIRELESS   TELEPHONE   RECEIVER    AS    USED   IN    THE   WANNSEE  TRIALS,   NEAR   BERLIN 


telephones,  being  more  or  less  anal- 
ogous with  those  striking  the  mem- 
brane of  the  speaking  tube. 

Bell  thus  succeeded  in  obtaining 
certain  communication  over  distances 
as  high  as  several  hundred  yards. 
By  replacing  Bell's  receiver  with  the 
speaking  arc  flame,  Prof.  Simon  has 
largely  contributed  towards  rendering 
this  optical  telephony  available  in 
practice.  The  practicability  of  the 
system  in  question  was  not,  however, 
shown  until  Mr.  Ruhmer  took  up 
these  experiments,  and  by  using  his 
own  improved  selenium  cells  and  the 
silvered  projectors  constructed  by  the 
Schuckert  Electric  Company,  he  was 
able  to  extend  the  experiments  over 
considerable  distances.  The  first  ex- 
periments performed  outside  of  a  la- 
boratory were  his  well-known  Wann- 
see  trials  of  last  year,  when  perfect 
transmission  of  speech  was  obtained 
between  the  shore  of  the  Wannsee  and 
a  boat  anchored  nearly  five  miles 
away. 

Some  months  ago  these  experi- 
ments were  further  extended  in  con- 
nection with  the  naval  maneuvers  in 
the  harbor  of  Kiel.  Four  ships  were 
used  in  these  trials,  provided  with 
Ruhmer's  instruments  for  wireless 
telephony.    At  the  beginning  the  tests 


so-called  Kiel  week,  the  final  experi- 
ments were  made.  By  the  courtesy  of 
the  German  Emperor  the  "Nymphe" 
was  allowed  to  leave  the  fleet,  sta- 
tioned at  the  mouth  of  the  Elbe,  be- 
fore the  maneuvers  had  ended,  in 
order  to  go  to  Kiel  to  participate  in 
the  experiments.  The  distance  be- 
tween the  ''Nymphe"  and  the  sending 
station  placed  on  the  coast  was  finally 
about  twenty  miles.  The  working  of 
the  instruments  was  excellent,  and 
apart  from  some  insignificant  disturb- 
ances the  effect  obtained  was  most 
satisfactory. 

On  the  first  day  of  the  Kiel  week, 
the  Kaiser  was  present  during  the 
progress  of  the  experiments,  and 
some  days  previously  the  chief  of  the 
staff  of  the  Admiralty,  Vice-Admiral 
Buechsel,  had  convinced  himself  of 
the  usefulness  of  the  new  system  of 
transmitting  news.  Those  present 
could  distinctly  hear  the  words 
spoken  on  board  the  "Neptun,"  an- 
choring near  the  military  academy. 
The  results  obtained  by  the  represen- 
tatives of  the  navy  as  well  as  by  ex- 
perts fully  proved  the  usefulness  of  the 
system  for  the  navy,  and  they  are 
likely  to  result  in  the  official  adoption 
of  the  Ruhmer  system  in  the  German 
Navy. 


Electricity   and   Plant   Growth 

One  of  the  methods  of  testing  the 
effect  of  electricity  on  the  growth  of 
plants,  and  which  seems  to  be  most 
readily  accomplished,  says  the  London 
"Electrical  Review,"  consists  in  bury- 
ing plates  of  zinc  and  copper  on  either 
side  of  the  plant  to  be  experimented 
upon,  and  connecting  these  plates  by 
means  of  wires  placed  above  ground. 
The  current  generated  passes  through 
the  earth  and  roots  and  thus,  it  is  al- 
leged, promotes  a  more  healthy 
growth. 

Static  electricity  has  been  utilized  for 
the  same  purpose.  Prof.  Lemstrom,  a 
Russian,  has  carefully  experimented 
for  the  purpose  of  finding  the  exact 
nature  of  the  action  of  electricity  in 
producing  these  results,  and  assumes 
that  electricity  "produces  an  augmen- 
tation of  the  energy  to  which  is  due 
the  circulation  of  the  sap,"  and  that 
the  "more  fertile  the  soil  and  the  more 
vigorous  the  growth,  the  more  satis- 
factory are  the  results  obtained  from 
electrical  treatment." 


A    WIRELESS    TELEPHONE    RECEIVER 

For  example,  he  cites  results  ob- 
tained by  the  treatment  of  beets  and 
potatoes,  which  showed  an  increase  in 
harvest  of  107.2  per  cent,  in  the 
former  and  76.2  per  cent,  in  the  latter 
case. 


Decorative   Uses  of  the   Incandescent   Lamp 


By  M.  S.  SEELMAN,  JR. 


A    NIGHT   VIEW    OF   LUNA    PARK,    CONEY    ISLAND,    NEW    YORK.       A    GLITTERING       INCANDESCENT       PANORAMA 


IT  is  long  since  we  have  learned  that 
man  does  not  live  by  bread  alone. 
The  prehistoric  cave-man  of 
Western  Europe,  fierce  and  squalid 
though  his  wretched  existence  and 
limited  his  mental  attainments,  doubt- 
less derived  a  pleasure  from  the  flame 
of  his  fire  quite  apart  from  the  bodily 
satisfaction  imparted  by  its  warmth, — 
a  purely  aesthetic  gratification  in  the 
picturesque  and  attractive  properties 
of  light  which  was  a  dim  adumbration 
of  the  delight  with  which  his  civilized 
descendants  of  the  twentieth  century 
viewed  such  splendid  spectacles  as 
those  presented,  for  example,  by  the 
electric  illumination  at  the  Pan-Amer- 
ican Exposition  at  Buffalo,  or  the 
lighting  of  Luna  Park  at  Coney  Isl- 
and, New  York's  summer  playground. 
All  light — the  opposite  of  ignorance 
and  night — is  beautiful,  and  through- 
out the  infancy  and  adolescence  of  the 


world  this  fact  was  recognized  in  a 
thousand  ways.  But  it  has  remained 
for  the  men  of  our  own  time,  in  utiliz- 
ing the  marvelous  conception  of  Edi- 
son incarnated  in  the  fragile  glass  and 
carbon  of  the  incandescent  lamp — that 
golden  drop  of  light  confined  within 
a  crystal  bulb — to  revolutionize,  or 
rather  to  evolutionize.  all  ideas  of  illu- 
mination, so  that  to-day  lighting  in 
many  of  its  phases  is  not  only  a  ques- 
tion of  utility  but  also  a  manifestation 
of  high  art. 

To  this  manifestation  the  incandes- 
cent lamp  readily  lends  itself.  Shut 
up  within  its  empty  bulb,  the  light 
neither  consumes  nor  pollutes  the  air, 
is  steady,  unflickering,  warm,  bright, 
and  cheerful,  and  unaffected  by  atmos- 
pheric conditions.  It  has  an  attractive 
character  all  its  own  which  does  not 
belong  to  any  other  form  or  method  of 
illumination.    What  more  softly  beau- 


tiful, for  instance,  than  the  diffused 
light  from  the  reflection  of  hidden  in- 
candescents,  by  which  so  many  show 
windows  and  a  few  residences  are  now 
illuminated?  What  more  strikingly 
spectacular  than  the  brilliant  illumina- 
tion by  means  of  electric  lamps  of  the 
outlines  of  theaters,  bridges,  office 
buildings  and  tall  towers?  What 
form  of  interior  decoration  for  resi- 
dence, hall,  or  ball  room  can  compare 
with  the  glowing  irridescence  centered 
within  these  roped  and  clustered  vari- 
colored bulbs? 

The  man  who  first  raised  illumina- 
tion to  the  dignity  of  an  art  was  the 
late  Luther  Stieringer.  It  was  he 
who  devised  and  patented  the  first  safe 
and  practical  system  for  concealing 
wires  in  the  walls  of  buildings,  and  his 
artistic  sense  and  love  of  beauty  have 
resulted  in  some  magnificent  electrical 
exhibits,   notably  the  lighting  of  the 
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AN    ORNATE    ENTRANCE    DECORATION,    EFFECTED    PRINCIPALLY    THROUGH    BRILLIANT    ILLUMINATION  OF  INCANDESCENT  LAMPS 


Pan-American  Exposition,  for  which 
he  furnished  the  designs  and  plans. 

E.  R.  White,  in  the  "Atlantic 
Monthly,"  describes  this  illumination 
in  these  glowing  words : — 

"Standing  before  the  pylons  and 
fronting  the  esplanade,  one  sees  the 
slow  dusk  conquer  the  massed  color, 
the  insistent  hues.  Dim,  like  an  ex- 
halation is  the  picture  now,  and  a  hush 
is  over  the  scene.  There  glows,  be- 
fore one  knows  it,  a  premonitory  red- 
ness along  up  through  the  lines  of 
pillars  which' range  themselves  in  sol- 
emn file  in  the  great  court.  Each 
pillar  is  surmounted  with  a  close  clus- 
ter of  lights.  And  look !  The  great 
tower  itself  is  blushing  a  low  red.  The 
red  is  angry  now,  sharper  and  there ! 
daylight  is  almost  here  again.  Each 
building  has  glimmered  into  light. 
Electricity  has  mounted  her  resplen- 
dent throne.  But  it  is  not  daylight ;  it 
is  something  almost  better,  refined 
daylight, — less  frank,  less  brutal,  less 
modern.  Suddenly  from  everywhere 
there  has  come  a  light  which  is  more 
than  a  glow,  but  less  than  a  glare.  In 
a  second  or  so,  the  Exposition  has 
grown  from  a  city  of  shadow  to  a 
vision  of  light.  And  such  a  vision, 
and  such  a  light !" 


Coney  Island,  the  seaside  play- 
ground for  the  four  million  residents 
of  the  New  York  metropolitan  dis- 
trict, in  recent  years  has  grown  to  be  a 
center  for  artistic  and  decorative  elec- 
tric lighting.  This  tendency  culmi- 
nated last  season  in  the  advent  of  Luna 
Park,  an  extensive  and  high-class 
amusement  resort,  the  main  attraction 
of  which  was  its  profuse  and  magnifi- 
cent lighting  by  means  of  many  thou- 
sands of  incandescent  lamps.  The 
scheme  of  this  illumination  was 
planned  in  all  its  details  and  superin- 
tended in  construction  and  operation 
by  Hugh  Thomas,  an  electrical  engi- 
neer of  great  originality.  The  Park, 
when  illuminated,  was  a  grand  spec- 
tacle, visible  for  miles  ;  and  so  success- 
ful from  a  financial  standpoint  did  it 
prove  to  its  projectors  that  for  next 
summer  another  similar  amusement 
enterprise,  but  on  a  much  larger  scale, 
nas  been  organized,  and  under  the 
title  of  "Dreamland"  expects  to  be 
ready  for  business  at  Coney  Island, 
with  a  multitude  of  attractions  and  a 
myriad  of  electric  lights.  The  magni- 
tude of  this  new  enterprise  may  be  ap- 
preciated when  it  is  stated  that  the 
Brooklyn  Edison  Company  has  recent- 
ly closed  with  the  directors  of  "Dream- 


land" what  is  believed  to  be  the  largest 
contract  for  permanent  service  ever 
made  by  any  central  station  in  the 
world,  the  number  of  incandescent 
lamps  provided  for  in  the  plans  being 
greater  than  was  the  entire  electric 
lighting  installation  of  the  whole  of 
Coney  Island,  including  Luna  Park,  in 
1903. 

In  addition  to  the  Luna  Park  illus- 
trations accompanying  this  article,  as 
specimens  of  artistic  and  effective  dec- 
orative lighting,  two  other  pictures  of 
the  Coney  Island  of  last  season  are 
given,  one  of  the.,  highly  ornate  en- 
trance to  Bostock's  Animal  Show,  with 
the  Thompson  Scenic  Railway  adjoin- 
ing ;  the  other  of  Louis  Stauch's  great 
dancing  pavilion,  which  was  destroyed 
in  the  recent  fire.  These  are  repro- 
duced from  night  photographs  and  are 
faithful  reflections  of  the  beauty  and 
attractiveness  incident  upon  the  pic- 
turesque illumination  of  the  incandes- 
cent lamp. 

It  is  difficult,  in  considering  the 
decorative  in  lighting,  to  fix  the  exact 
point  where  utility  ceases  and  decora- 
tion, per  se,  begins.  The  line  of  de- 
marcation is  very  faint  and  the  com- 
binations too  many  and  frequent.  The 
electrically   illuminated    sign,    for   in- 
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stance,  the  use  of  which  has  increased 
with  remarkable  swiftness  within  the 
last  year  or  two  in  all  large  cities, 
while  eminently  useful  from  a  business 
standpoint  as  highly  effective  adver- 
tising, is,  at  the  same  time,  often  a 
thing  of  beauty,  and  wherever  these 
signs  are  in  general  use  they  constitute 
in  themselves  a  brilliant  attraction 
which  results  in  greater  crowds,  in- 
creased activity  and  more  business. 
They  form  a  distinctive  feature  or  fac- 
tor of  that  metropolitan  atmosphere 
which  has  such  an  alluring  and  mag- 
netic charm  for  almost  everybody. 

A  development  of  the  ordinary  elec- 
tric sign — the  "talking  sign,"  as  it 
has  been  called,  presents  some  very 
attractive  and  artistic  features.  This 
sign  is  made  up  of  a  number  of  "mono- 
grams," each  of  which  is  a  collection 
of  metal  troughs,  studded  with  incan- 
descent bulbs  and  joined  together  in 
such  a  manner  that  all  the  letters  of 
the  alphabet  and  the  numerals  may  be 
formed  by  lighting  certain  of  these 
troughs  in  combination.  Each  trough 
is  whitened  on  the  inside  to  reflect  the 
light,  and  the  front  of  the  monogram 
is  covered  with  glass  of  any  color  or 
of  various  colors. 

The  letters  are  changed  in  the  mon- 
ograms by  a  commutating  device  re- 
volved by  a  small  fan  motor,  and  each 
letter  or  number  has  its  own  letter-bar, 
which  bars  are  practically  the  type 
used  in  making  up  the  reading  of  the 
sign.  The  mechanism  is  so  arranged 
that  forty  words  or  phrases  may  be 
successively  flashed  out  (the  length  of 
each  depending  upon  the  number  of 
monograms  in  the  sign)  by  simply 
turning  on  the  current,  and  the  sign 
will  go  on  repeating  them  automati- 
cally until  stopped.  The  effect  is 
striking. 

Church  lighting  by  incandescent 
clusters  is  certainly  a  combination  of 
the  useful  and  the  decorative.  So  far, 
in  the  history  of  invention  and  discov- 
ery, no  light  has  been  produced  which 
can,  for  church  illumination,  be  com- 
pared to  the  chastened  sunshine  of  the 
incandescent  lamp.  It  is  in  thorough 
and  complete  harmony  with  churchly 
architecture. 

For  home  decoration  the  incandes- 
cent lamp  may  be  used  in  a  thousand 
and  one  ways.  With  it  artistic  effects 
are  possible  which  could  not  be 
thought  of  with  any  other  method  of 
lighting.  A  picturesque  and  pleasing 
effect  is  achieved  in  a  certain  dining- 
room,  lighted  by  forty  electric  lamps 
with  alabaster  globes  set  in  the  ceiling 
beams.  The  light  from  these  is  soft 
and  beautiful  and  yet  all-pervasive.  It 
is  expensive,  too,  but  may  be  used  on 
state  occasions,  while  for  ordinary 
purposes  a'  central  chandelier,  inclos- 
ing a  cluster  of  three  or  five  incan- 


descents,   supplies  adequate  illumina- 
tion. 

The  General  Electric  Company  has 
recently  put  upon  the  market  a  deco- 
rative lighting  outfit,  which  will  be 
found  convenient  and  attractive  in  any 
household  equipped  for  electric  light- 
ing. It  was  designed  primarily  for 
the   illumination   of   Christmas   trees, 


makes  a  safe  and  effective  decoration 
and  the  cost  is  reasonable — something 
in  the  neighborhood  of  $10. 

The  limits  of  this  article  permit  no 
further  amplification  of  the  decorative 
uses  of  the  incandescent  lamp,  a  sub- 
ject which  might  be  dwelt  upon  almost 
indefinitely.  A  few  of  these  uses  have 
been  briefly  outlined  rather  than  de- 


LUNA    PARK    ENTRANCE,    BRILLIANTLY    OUTLINED    IN    INCANDESCENT    LAMPS,    AND    SHOWING 

A   VISTA    OF   THE    MYRIAD    LIGHTS    WITHIN 


but  can  as  readily  be  utilized  for  gen- 
eral household  decoration, — upon  the 
table,  about  the  walls,  or  around  col- 
umns, over  a  balustrade,  or  festooned 
from  chandeliers.  It  consists  of  fifty 
odd  feet  of  flexible  cord,  with  tiny 
sockets,  arranged  in  three-branch 
festoons,  and  twenty-eight  one-candle 
power  miniature  lamps  in  plain  and 
colored  bulbs.  The  cord  is  draped  as 
desired,  the  little  lamps  are  placed  in 
their  sockets,  the  connecting  plug  is 
attached  to  the  nearest  electric  fixture, 
and  the  outfit   is   ready   for   use.     It 


scribed.  And  it  is  to  be  remembered 
that  they  all  are,  practically,  develop- 
ments of  the  past  ten  years. 

For  the  photographs  from  which 
the  illustrations  accompanying  this 
article  were  reproduced,  credit  is  due 
to  the  Edison  Electric  Illuminating 
Co.,  of  Brooklyn,  who  supplied  the  il- 
lumination in  the  several  cases. 


The  Interurban  Street  Railway 
Company,  of  New  York  City,  will 
convert  its  remaining  horse  car  lines 
to  underground  trolley  in  1904. 
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The    Gilbert   Tercentenary   Celebration 


HE  three  hundredth  anniversary 
of  the  death  of  Dr.  William 
Gilbert,    of    Colchester, 


T 

Eng- 
land, was  celebrated  in  a  fitting  man- 
ner by  the  Institution  of  Electrical 
Engineers  in  London,  on  December 
10,  the  date  of  Gilbert's  death.  One  of 
the  main  features  of  the  celebration 
was  the  formal  presentation  to  the 
mayor  and  borough  of  Colchester  of  a 
picture  by  Mr.  Acland  Hunt,  repre- 
senting Dr.  Gilbert  showing  his  elec- 
trical experiments  to  Queen  Elizabeth 
and  her  court.  Among  those  present 
were  Sir  William  Huggins,  president 
of  the  Royal  Society;  E.  Hospitalier, 
president  of  the  Societe  Internationale 
des  Electriciens;  Sir  Dyce  Duck- 
worth, treasurer  of  the  Royal  College 
of  Physicians;  and  Dr.  J.  Larmor,  F. 
R.  S.,  of  St.  John's  College,  Cam- 
bridge, Dr.  Gilbert's  college. 

To  Silvanus  P.  Thompson,  who  has 
made  Gilbert's  achievements  the  sub- 
ject of  a  special  study,  was  allotted  the 
task  of  preparing  some  notes  on  his 
life  and  career  for  publication  on  this 
occasion.  Dr.  Thompson  in  these 
notes  traced  the  foundation  of  the 
to  the  publication 
"De  Magnete"  of 
a    short    introduc- 


electrical  science 
in  1600  of  the 
Dr.    Gilbert.     In 


tion  he  said: — -"Gilbert's  renown  rests 


not  on  his  eminence  as  a  physi- 
cian, but  on  his  achievements  in 
the  foundation  of  the  twin  sciences  of 
electricity  and  magnetism.  He  is  be- 
yond question  rightfully  regarded  as 
the  father  of  electric  science.  He 
founded  the  entire  subject  of  terres- 
trial magnetism.  He  also  made  no- 
table contributions  to  astronomy, 
being  the  earliest  English  expounder 
of  Copernicus.  In  an  age  given  over 
to  metaphysical  obscurities  and  dog- 
matic sophistry,  he  cultivated  the 
method  of  experiment  and  of  reason- 
ing from  observation,  with  an  insight 
and  success  which  entitles  him  to  be 
regarded  as  the  father  of  the  inductive 
method.  That  method,  often  ac- 
credited to  Bacon,  Gilbert  was  prac- 
ticing years  before  him.  It  seems, 
therefore,  fitting  upon  the  occurrence 
of  the  tercentenary  of  his  death  to  re- 
call Gilbert's  achievements  as  the 
father  of  electric  science." 

Dr.  Thompson  thus  mentioned  Gil- 
bert's magnetic  discoveries: — -"Gil- 
bert's magnetic  work  has  been  so  often 
described  that  a  brief  summary  will 
here  suffice.  Trying  the  properties  of 
loadstones  in  innumerable  experi- 
ments lasting  over  many  years,  he  was 
led  to  several  notable  discoveries,  and 
to  one  generalization  of  immense  im- 


portance. He  discovered  the  aug- 
mentation of  the  power  of  a  loadstone 
by  arming  or  capping  it  with  soft  iron 
cheeks.  Gilbert  called  such  a  cap  an 
armatura,- — the  first  occurrence  of  the 
term.  This  invention  brought  him 
much  fame.  In  the  'Dialogues  of  Gal- 
ileo' Sagredus  and  Salviatus  discuss 
the  arming  of  the  loadstone,  and  the 
increased  lifting  power  conferred  by 
adding  an  iron  cap.  Salviatus  men- 
tions a  loadstone  in  the  Florentine 
Academy,  which,  unarmed,  weighed 
6  oz., lifting  only  2  oz.,but  which  when 
armed  took  up  160  oz.  Whereupon 
Galileo  makes  Salviatus  say: — T  ex- 
treamly  praise,  admire,  and  envy  this 
authour  for  that  a  conceit  so  stupen- 
dious  should  come  into  his  minde. 
.  ".  .  I  think  him  [i.e.,  Gilbert], 
moreover,  worthy  of  extraordinary  ap- 
plause for  the  many  new  and  true  ob- 
servations that  he  made,  to  the 
disgrace  of  so  many  fabulous  authours, 
that  write  not  only  what  they  do  not 
know,  but  whatever  they  hear  spoken 
by  the  foolish  vulgar,  never  seeking  to 
assure  themselves  of  the  same  by  ex- 
perience, perhaps,  because  they  are 
unwilling  to  diminish  the  bulk  of  their 
books.' 

"Gilbert  also  discovered  the  screen- 
ing effect  of  a  sheet  of  iron ;  the  meth- 
od of  magnetizing  iron  by  hammering 
it  while  it  lies  north  and  south;  the  de- 
struction of  magnetism  by  heat ;  and 
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the  existence  around  the  magnet  of  an 
'orbe  of  virtue' — that  is  to  say,  a  mag- 
netic field.  He  perfected  the  dipping 
needle  of  the  Norman  and  other  in- 
struments of  observation.  He  collect- 
ed data  as  to  the  declination  and  in- 
clination of  the  compass  in  different 
regions.  Using  loadstones  of  many 
different  shapes,  he  observed  their  ac- 
tions on  one  another  and  on  compass 
needles.  In  particular  he  studied  the 
magnetic  properties  of  a  globular  load- 
stone or  terrella,  and  found  that  com- 
pass needles  were  directed  toward  its 
poles,  and  dipped  at  various  angles 
over  its  surface,  just  as  compass 
needles  do  at  various  regions  of  the 
earth's  surface. 

"Generalizing  from  small  to  large, 
he  advanced  the  entirely  novel  idea 
that  the  globe  of  the  earth  is  itself  a 
great  magnet,  thus  laying  the  founda- 
tions of  the  science  of  terrestrial  mag- 
netism. He  was  particularly  keen  in 
disproving  the  many  absurd  fables  that 
had  grown  up  about  the  magnet,  such 
as  that  the  magnet  refuses  to  act  in  the 
presence  of  a  diamond,  or  if  touched 
with  garlic.  The  former  he  tested  by 
surrounding  a  loadstone  with  70  dia- 
monds. Gilbert  denounced  the  quack- 
ery of  using  loadstone  medicinally  or 
in  plasters  for  the  cure  of  wounds. 
He  ridiculed  the  idea  that  the  varia- 
tion of  the  compass  was  due  to  imag- 
inary loadstone  mountains  like  those 
described  in  the  'Arabian  Nights.'  He 
sought  to  explain  it  by  the  local  irreg- 
ularities of  the  earth's  crust, and  exem- 
plified his  theory  by  experiments  on 
round  loadstones  of  irregular  outline 
as  models.  His  book,  over  which  he 
spent  18  years,  was  published  in  1600, 
and  for  the  next  100  years  became  the 
standard  work  on  magnetism.  Though 
denounced  by  the  Church,  the  theory 
of  terrestrial  magnetism  was  by  Gil- 
bert thus  firmly  established  on  an  en- 
during basis  of  fact,  and  remained  a 
permanent  acquisition  in  science.  The 
publication  of  the  book  marked  an 
epoch  in  scientific  development.  It 
was  praised  by  Sarpi,  by  Galileo,  by 
Kepler.  Sir  Christopher  Wren  pro- 
posed to  erect  a  statue  to  its  author, 
while  Dryden  sang  of  his  enduring 
fame." 

The  contribution  made  by  Gilbert  to 
electrical  knowledge  is  contained  in 
the  second  chapter  of  the  second  book 
of  his  "De  Magnete,"  and  constitutes 
a  digression  interpolated  into  the  dis- 
cussion of  magnetic  motions.  In  this 
chapter  Gilbert,  after  describing  the  at- 
tracting property  of  amber,  lays  down 
the,  following  maxims: — "The  dif- 
ference between  magnetics  and  elec- 
trics is  that  all  magnetics  run  together 
with  natural  forces ;  electrics  only  al- 
lure ;  that  which  is  allured  is  not 
changed   by   an   implanted   force,   but 


that  which  has  moved  up  to  them  vol-  turned  magnetically ;  at  the  same  time 

untarily  rests  upon  them  by  the  law  of  also  it  both  coheres,  and  in  order  that 

matter.     Bodies    are    borne    towards  it  may  be  solid,  is  in  its  inmost  parts 

electrics ;  a  loadstone   draws  a  load-  cemented  together." 
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stone  directly  at  the  poles  only,  in 
other  parts  obliquely  and  transversely, 
and  in  this  way  also  they  adhere  and 
hang  to  one  another.  Electrical  mo- 
tion is  a  motion  of  aggregation  of 
matter ;  magnetical  motion  is  one  of 
disposition  and  conformation.  The 
globe  of  the  earth  is  aggregated  and 
coheres  by  itself  electrically.  The 
globe    of    the    earth    is    directed    and 


Dr.  Thompson  supplies  the  follow- 
ing valuable  summary  of  Gilbert's 
electrical  work: — "To  distinguish  his 
original  discoveries  from  things  al- 
ready known,  Gilbert  set  in  the  margin 
of  his  book  asterisks,  large  or  small,  in 
proportion  to  the  importance  of  the 
matter.  .  .  .  He  marked  with 
large  asterisks  the  discovery  of  the 
generality  of  electrifiable  bodies,   for 
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which  he  coined  the  name  electrics, 
and  the  observation  that  electrified 
bodies  attract  not  straws  and  chaff 
only,  but  equally  attract  metals, 
woods,  earths,  and  even  oil  and  water. 
The  logical  outcome  of  this  discovery 
was  the  invention  of  the  versorium  or 
electroscope.  The  method  of  trying 
everything  instead  of  accepting  state- 
ments on  authority  is  characteristic  of 
the  man ;  he  must  bring  all  to  the 
touchstone  of  experiment.  The  au- 
thors who  raised   Gilbert's  wrath  by 


of  all  light  substances,  the  point  had 
not  passed  unheeded,  for  we  find  St. 
Augustine,  in  the  'De  Civitate  Dei,' 
liber  xxi.,  cap.  6,  raising  the  question 
why  the  loadstone  which  attracts  iron 
should  refuse  to  move  straws.  The 
many  analogies  between  electric  and 
magnetic  phenomena  had  led  many  ex- 
perimenters to  speculate  on  the  possi- 
bility of  some  connection  between 
electricity  and  magnetism.  See,  for 
example,  Tiberius  Cavallo,  'A  Trea- 
tise on  Magnetism,'  London,  1787,  p. 
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ignorantly  copying  out  all  the  old 
tales  about  amber,  jet,  and  loadstone, 
instead  of  investigating  the  facts,  were, 
as  he  says  at  the  beginning  of  the  chap- 
ter, some  theologians  and  some  physi- 
cians. He  seems  to  have  taken  a 
special  dislike  to  Albertus  Magnus,  to 
Puteanus,  to  Paracelsus,  and  to  Levi- 
nus  Lemnius.  Gilbert  mentions  am- 
ber and  jet  as  known  to  become  elec- 
trical by  friction ;  but  the  list  was  not 
quite  so  restricted  as  would  appear 
from  this  passage.  Five,  if  not  six, 
other  minerals  had  been  mentioned,  in 
addition  to  amber  and  jet." 

The  stones  referred  to  by  Dr. 
Thompson  comprise  the  ruby,  garnet, 
jasper,  lychnis,  and  the  diamond. 
Referring  to  the  passage  in  Gilbert's 
book,  in  which  he  sets  forth  the  differ- 
ences that  exist  between  magnetic  and 
electric  effects,  Dr.  Thompson  says: — 
"Though  Gilbert  was  the  first  to  ex- 
plore systematically  the  differences 
that  exist  between  the  magnetic  attrac- 
tion of  iron  and  the  electric  attraction 


126.  /Epinus  wrote  a  treatise  on  the 
subject,  entitled  'De  Similitudine  vis 
Electricse  et  Magneticae'  (Petropolis, 
1758).  This  was,  of  course,  long 
prior  to  the  discovery  by  Oersted  in 
1820  of  the  real  connection  between 
magnetism  and  the  electric  current.  It 
is  interesting  to  note  a  suggestion  of 
material  rays,  as  the  operation  of  elec- 
tric forces  seems  to  foreshadow  the 
notion  of  electric  lines  of  force. 

"Gilbert  had  imbibed  the  school- 
men's ideas  as  to  the  relations  of  mat- 
ter and  form.  He  had  discovered  and 
noted  that  in  the  magnetic  attractions 
there  was  always  a  verticity,  and  that 
in  the  electrical  attractions  the  rubbed 
electrical  body  had  no  verticity.  To 
account  for  these  differences  he  drew 
the  inference  that  since  (as  he  had  sat- 
isfied himself)  the  magnetic  actions 
were  due  to  form — that  is  to  say,  to 
something  immaterial — to  an  'impon- 
derable,' as  in  the  subsequent  age  it 
was  called — the  electrical  actions  must 
necessarily    be    due    to    matter.     He 


therefore  put  forward  his  idea  that  a 
substance  to  be  an  electric  must  neces- 
sarily consist  of  a  concreted  humor 
which  is  partially  resolved  into  an 
effluvium  by  attrition.  His  discover- 
ies that  electric  actions  would  not  pass 
through  flame,  whilst  magnetic  actions 
would,  and  that  electric  actions  could 
be  screened  off  by  interposing  the 
thinnest  layer  of  fabric,  such  as  sarce- 
net, whilst  magnetic  actions  would 
penetrate  thick  slabs  of  every  material 
except  iron  only,  doubtless  confirmed 
him  in  attributing  the  electric  forces  to 
the  presence  of  these  effluvia.  There 
arose  a  fashion,  which  lasted  for  over 
a  century,  for  ascribing  to  'humours,' 
or  'fluids,'  or  'effluvia,'  physical  effects 
which  could  not  otherwise  be  ac- 
counted for. 

"In  spite  of  his  care  to  test  every- 
thing by  experiment,  Gilbert  fell  into 
several  errors.  He  denied  the  exist- 
ence of  electric  repulsion,  and  whilst 
he  strenuously  affirmed  that  the  mag- 
netic forces  were  mutual  between  the 
magnet  and  the  iron,  each  being  urged 
toward  the  other,  he  also  affirmed  that, 
in  the  case  of  the  action  of  the  electric 
on  the  object  which  moved  toward  it, 
the  action  was  not  mutual,  but  was  a 
one-sided  force — an  impossibility  in 
physics.  Gilbert's  experimental  dis- 
coveries in  electricity  may  be  summed 
up  as  follows: — (i)  the  generalization 
of  the  class  of  electrics;  (2)  the  obser- 
vation that  damp  weather  hinders 
electrification;  (3)  the  generalization 
that  electrified  bodies  attract  every- 
thing, including  even  metals,  water, 
and  oil;  (4)  the  invention  of  the  non- 
magnetic versorium  or  electroscope ; 
(5)  the  observation  that  merely  warm- 
ing amber  does  not  electrify  it;  (6) 
the  recognition  of  a  definite  class  of 
non-electrics;  (7)  the  observation  that 
certain  electrics  do  not  attract  if 
roasted  or  burnt;  (8)  that  certain  elec- 
trics when  softened  by  heat  lose  their 
power;  (9)  that  the  electric  effluvia 
are  stopped  by  the  interposition  of  a 
sheet  of  paper  or  a  piece  of  linen,  or  by 
moist  air  blown  from  the  mouth;  (10) 
that  glowing  bodies,  such  as  a  live 
coal,  brought  near  excited  amber  dis- 
charge its  power;  (11)  that  the  heat 
of  the  sun,  even  when  concentrated  by 
a  burning  mirror,  confers  no  vigor  on 
the  amber,  but  dissipates  the  effluvia ; 
(12)  that  sulphur  and  shellac  when 
aflame  are  not  electric;  (13)  that  pol- 
ish  is   not   essential    for   an    electric ; 

(14)  that  the  electric  attracts  bodies 
themselves,    not   the   intervening   air ; 

(15)  that  flame  is  not  attracted;  (16) 
that  flame  destroys  the  electrical  efflu- 
via ;  (17)  that  during  south  winds  and 
in  damp  weather,  glass  and  crystal, 
which  collect  moisture  on  their  sur- 
face, are  electrically  more  interfered 
with    than    amber,    jet,    and    sulphur, 
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which  do  not  so  easily  take  up  mois- 
ture on  their  surfaces;  (18)  that  pure 
oil  does  not  hinder  production  of  elec- 
trification or  exercise  of  attraction ; 
(19)  that  smoke  is  electrically  attract- 
ed, unless  too  rare;  (20)  that  the  at- 
traction by  an  electric  is  in  a  straight 
line  toward  it. 

"Gilbert's  list  of  electrics  should  be 
compared  with  those  given  subse- 
quently by  Cabeus  (1629),  by  Sir 
Thomas  Browne  (1646),  and  by  Ba- 
con. The  last-named  copied  out  Gil- 
bert's list  almost  without  change.  Sir 
Thomas  Browne's  list  is  given  in  the 
following  passage,  which  is  interesting 
as  using  for  the  first  time  in  the  Eng- 
lish language  the  noun  electricities: — 
'Many  stones  also  both  precious  and 
vulgar,  although  terse  and  smooth, 
have  not  this  power  attractive ;  as 
Emeralds,  Pearle,  Jaspis,  Corneleans, 
Agathe,  Heliotropes,  Marble,  Alablas- 
ter,    Touchstone,    Flint,    and    Bezoar. 


Glasse  attracts  but  weakely  though 
cleere,  some  slick  stones  and  thick 
glasses  indifferently :  Arsenic  but 
weakely,  so  likewise  glasse  of  Anti- 
mony, but  Crocus  Metallorum  not  at 
all.  Saltes  generally  but  weakely,  as 
Sal  Gemma,  Alum,  and  also  Talke ; 
nor  very  discoverably  by  any  f  rication : 
but  if  gently  warmed  at  the  fire,  and 
wiped  with  a  dry  cloth,  they  will  better 
discover  their  Electricities'  ('Pseudo- 
doxia  Epidemica,'  p.  79). 

"If,  as  shown  above,  the  electric 
powers  of  the  diamond  and  ruby  had 
already  been  observed,  yet  Gilbert  was 
the  first  beyond  question  to  extend  the 
list  of  electrics  beyond  the  class  of 
precious  stones,  and  his  discovery  that 
glass,  sulphur,  and  sealing  wax  acted, 
when  rubbed,  like  amber,  was  of  capi- 
tal importance.  So  was  also  his  ob- 
servation that  electrical  experiments 
succeed  better  in  dry  or  frosty  weather. 
Though  he  did  not  pursue  the  discov- 


ery into  mechanical  contrivances,  he 
left  the  means  of  that  extension  to  his 
followers. 

"To  Otto  von  Guericke  we  owe  the 
application  of  sulphur  to  make  the 
first  electrical  machine  out  of  a  re- 
volving globe;  to  Sir  Isaac  Newton 
and  to  Francis  Hawksbee  the  sugges- 
tion of  glass  as  affording  a  more  me- 
chanical construction.  And  both 
materials  were  discovered  by  Gilbert 
to  be  electrics. 

"  'Such.'  said  Priestley  in  1767, 
'were  the  discoveries  of  our  country- 
man Gilbert,  who  may  justly  be  called 
the  father  of  modern  electricity, 
though  it  be  true  that  he  left  his  child 
in  its  very  infancy.'  To  Priestley's 
quaint  remark  we  may  add  that  as 
electricity  is  no  longer  in  its  infancy, 
we  who  claim  Gilbert  as  our  country- 
man are  all  the  more  proud  to  ac- 
knowledge his  just  claims  to  its 
paternity." 


The   Most  Economical   Amovint  of   Feed  Wire  for 

an.  Electric  Railroad 

A    Graphic   Method    of   Determination 

By   L.  W.  SERRELL,  M.  E. 


BEFORE  the  amount  of  feed  wire 
required  for  the  operation  of 
an  electric  railroad  can  be  ac- 
curately plotted,  a  careful  study  of  the 
profile,  headway  of  cars,  weight  of 
cars,  number  of  stops,  and  the  amount 
of  power  required  to  operate  the  cars 
must  be  determined.  To  do  this  work 
satisfactorily,  the  amount  of  power  re- 
quired to  operate  the  cars  must  be  de- 
termined and  plotted,  having  in  mind 
the  stops,  accelerations,  effect  of 
grades,  braking,  coasting,  etc.,  from 
all  of  which  the  average  amount  of 
power  expressed  in  kilowatt-hours 
can  be  determined  with  great  accu- 
racy before  the  road  is  built.  Much 
has  already  been  written  on  this  mat- 
ter, and  the  writer  will  not  undertake 
to  go  over  the  same  ground  in  this 
short  article,  which  has  reference  only 
to  a  simple  method  of  plotting  the 
minimum  amount  of  copper  required 
for  the  operation  of  the  cars  after  the 
average  amount  of  power  to  move 
them  has  been  determined. 

In  the  case  here  selected,  the  road 
is  10  miles  long,  and  is  operated  from 
a  direct-current  power  station  having 
600  volts  in  the  power  house.     The 


number  of  cars  on  the  line  is  six,  the 
mean  speed  per  hour  is  13.3  miles,  and 
the  grades  are  light,  not  to  exceed  3 
per  cent,  the  territory  being  a  rolling 
country.  A  determination  of  the 
amount  of  power  required  has  shown 
that  the  cars  will  not  average  over  60 
amperes  each.  The  problem  to  be 
solved,  therefore,  is  this: — How  can 
we  determine  the  most  economical 
amount  of  feed  wire  that  can  be  used 
to  operate  this  road  with  a  loss  of  10 
per  cent  in  the  feeder  and  trolley  com- 
bined? 

The  first  thing  to  determine  is  the 
average  location  of  the  cars  upon  the 
line.  To  do  this,  a  train  diagram  is 
laid  out  as  shown  at  the  bottom  of 
the  chart  on  the  next  page.  As  the 
cars  make  the  run  of  10  miles  in  45 
minutes,  and  the  round  trip  in  an  hour 
and  a  half,  the  intersection  of  the  lines 
in  the  train  diagram  will  give  the  loca- 
tion of  the  turn-outs,  or  the  passing 
points  of  the  cars  in  case  a  double 
track  is  used,  the  cars  running  every 
15  minutes  and  passing  one  another 
every  j\  minutes. 

Three  different  locations  of  the  cars 
are   then    determined, — first,   when    a 


car  is  at  each  end  of  the  line;  second, 
when  all  the  cars  are  passing  one  an- 
other at  the  same  time ;  third,  an  inter- 
mediate location  when  all  the  cars  are 
uniformly  distributed  over  the  line. 
This  intermediate  location  is  the  best 
one  to  use  in  determining  the  amount 
of  feed  wire. 

An  abscissa  is  laid  off  representing 
the  length  of  the  line,  divided  into 
miles;  ordinates  are  then  erected,  rep- 
resenting circular  mils.  In  order  to 
figure  the  circular  mils,  the  constant 
54,800  is  used,  that  is,  a  wire  1  mile 
long  having  a  resistance  of  1  ohm, 
will   have    54,800   circular   mils   area. 


By  using  Ohm's  law,  we  have  R 


C. 


As  the  drop  in  voltage  allowed  is  10 
per  cent,  there  would  be  a  loss  of  60 
volts,  and  as  the  amount  of  current 
used  is  60  amperes  for  each  car,  we 
would  need  a  wire  having  a  resistance 
of  1  ohm.  As  the  location  of  the  car 
a  in  the  diagram  is  9  miles  from  the 
power  house,  a  wire  9  miles  long  hav- 
ing a  resistance  of  1  ohm  would  thus 
have  to  have  9  X  54-8co  circular  mils 
area,  or  493,200  circular  mils,  in  order 
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to  supply  the  car  with  60  amperes  at 
60  volts  drop.  The  upper  point  a  is, 
therefore,  plotted  at  493,200  circular 
mils,  as  shown  in  the  diagram. 

The  car  b,  operating"  under  the  same 
conditions,  is  7.4  miles  from  the  power 
house,  and  would,  therefore,  require  a 
wire  having  7.4  X  54>8oo  circular  mils 
area,  or  405,520  circular  mils.  This 
is  added  to  the  area  already  obtained 
for  the  car  a,  and  gives  898,720  circu- 
lar mils  as  the  area  of  the  wire  re- 
quired to  supply  the  current  for  two 
cars.  The  upper  point  b  is,  therefore, 
plotted  at  898,720  circular  mils,  as 
shown  in  the  diagram. 

This  method  of  figuring  is  carried 
through  for  each  of  the  cars,  and  the 
amount  of  wire,  expressed  in  circular 
mils,  required  to  operate  each  car  un- 
der the  conditions  named  is  added  to 
the  previous  size  of  the  wire  until  the 
entire  number  of  cars  upon  the  road 
has  been  included  in  the  calculation. 
The  result  will  be  a  series  of  points  a, 
b,  c,  d,  e,  and  f,  which  produce  the 
parabolic  curve  as  shown  in  the  dia- 
gram and  entitled  "Curve  of  Circular 
Mils."  In  other  words,  were  it  pos- 
sible to  have  a  wire  whose  area  in  cir- 
cular mils  at  each  mile  and  fraction  of 
a  mile  distant  from  the  power  station 
corresponded  to  the  area  called  for  by 
this  curve,  the  cars  would  all  be  op- 
erated under  the  same  average  loss, 
and  the  most  economical  amount  of 
copper  wire  that  could  be  used  to  pro- 
duce this  result  would  have  been 
secured. 

In  practice,  however,  it  is  necessary 
to  use  the  materials  that  the  manufac- 
turer provides,  and  we  can  only  ap- 
proximate this  theoretical  curve.  This 
is  done,  first,  by  laying  off  the  area  in 
circular  mils  for  two  No.  00  B.  &  S. 
gauge  trolley  wires;  on  top  of  this  we 
add  8^  miles  of  500,000  circular  mil 
feed  wire,  then  64-  miles  of  500,000 
circular  mil  feed  wire,  and  then  3^ 
miles  of  300,000  circular  mil  feed 
wire.  These  wires,  stretched  out  from 
the  power  house,  will  approximate  the 
theoretical  area  of  the  Curve  of  Circu- 
lar Mils  very  closely. 

In  order  to  determine  the  voltage  at 
the  cars,  with  a  load  of  60  amperes  at 
each  car,  we  first  lay  out  a  curve  of  re- 
sistance of  feeder  and  trolley  as  actu- 
ally erected.  This  is  easily  done  by 
reference  to  any  wire  tables  giving 
resistances,  and  is  shown  by  the  curve 
0  B.  The  resistance  of  the  track  is 
then  determined,  as  shown  by  the 
curve  0  A.  The  sum  of  these  two 
gives  the  curve  0  C,  which  is  the  re- 
sistance of  the  rails,  feed  wire  and 
trolley  combined. 

It  is  somewhat  difficult  to  deter- 
mine the  resistance  of  the  rails,  as 
both  the  composition  of  the  rails  and 
the    method    of    bonding    produce    a 
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variation  from  the  theoretical  resist- 
ance. It  should  be  the  endeavor  of 
the  engineer,  however,  to  so  bond  the 
rails  that  the  resistance  at  the  joints 
will  not  be  any  greater  than  the  re- 
sistance of  the  rails  themselves,  which 
is  approximately  eight  times  that  of 
copper  of  the  same  section. 

Ihe  curve  entitled  "Voltage  at  the 
Cars  with  60-Ampere  Load"  is  plot- 
ted as  follows: — From  Ohm's  law  we 
have  E  =  R  C.  The  point  F  for  the 
car  /  is  determined  by  taking  the  re- 
sistance from  the  curve  0  C  corre- 
sponding to  the  position  ot  the  car  f, 
which  would  be  0.06  ohm;  the  total 
current  flowing  through  the  wire  is 
360  amperes;  the  drop,  therefore, 
would,  according  to  the  above  formu- 
la, be  21.8  volts.  The  point  E  is  de- 
termined by  taking  the  resistance 
from  the  curve  0  C  corresponding  to 
the  position  of  the  car  e,  which  is  0.18 
ohm,  and  the  resistance  of  the  wire 
between  the  cars  c  and  /  would  there- 
fore be  equal  to  0.18  —  0.06  or  0.12 
ohm.  The  current  flowing  through 
this  part  of  the  wire  is  300  amperes. 
The  drop  would  therefore  be  36  volts 
for  this  portion  of  the  line,  and  the  to- 
tal drop  from  the  power  station  to  the 
car  c  would  be  21.8  volts  +  36  volts,  or 
57.8  volts.  This  method  is  pursued 
to  determine  all  the  other  points,  each 
time  dropping  one  car  and  the 
amount  of  current  used  by  that  car. 
The  voltage  at  the  last  car,  9  miles 
from  the  power  station,  will  be  435 
volts  under  the  average  conditions  of 
load  used  in  this  illustration. 

The  effect  upon  the  line  voltage 
when  the  cars  are  ascending  heavy 
grades  or  during  the  acceleration  of 
starting  can  all  be  determined  and 
plotted  in  the  same  manner,  the  illus- 
tration here  given  having  been  made 
as  simple  as  possible  in  order  that  its 
principles  may  be  easily  understood. 


Electric  Traction  in  Italy 

STORAGE-battery  traction  has  not 
been  successful  on  the  Italian 
Meridianal  Railway,  and  the 
management  of  the  road  has  accord- 
ingly been  authorized  to  discontinue 
this  electric  system  on  certain  lines, 
and  to  replace  it  by  steam.  The  over- 
head trolley  system,  however,  over  the 
90  odd  miles  of  the  standard  gauge 
railroad  along  Lake  Como  has  met 
all  requirements. 

Recently  a  public  meeting  took 
place  at  the  instance  of  the  cham- 
bers of  commerce  of  Milan,  Lecco 
and  Chiavenna,  which  resolved  to 
request  the  Italian  Government  to 
immediately  establish  the  trolley  sys- 
tem upon  the  lines  of  Lecco  to  Milan. 
The  results  with  the  electric  system 


with  a  third  rail  over  the  45  miles 
of  the  standard-gauge  Milan- Varese- 
Porto  Ceresio  Railroad  have  been  en- 
tirely satisfactory. 

The  traffic  on  this  line,  which  con- 
nects Milan  with  Lake  Lugano,  has 
increased  surprisingly  on  account  of 
the  cheaper  rates,  number  of  trains 
and  quicker  time.  The  management 
of  the  road  is  perfectly  satisfied  with 
the  financial  result. 

The  Mediterranean  Railroad  con- 
templates the  extension  of  the  electric 
system  with  a  third  rail  over  the  lines 
Varese-Laveno-Gallarat-Sesto  Calen- 
de-Arona,  so  that  then  Milan  will  be 
directly  connected  with  the  upper  Ital- 
ian lakes  by  four  electric  standard 
railroads. 


Wireless     Telegraphy     Experiments 
between  Germany  and  Sweden 

THE  Berliner  Gesellschaft  fur 
Drahtlose  Telegraphie  some 
time  ago  installed  two  wireless 
telegraph  stations  on  the  Norwegian 
Loffoden  Islands,  the  two  points 
chosen  being  50  kilometers  apart  and 
separated  by  high,  continuous  rocky 
masses,  so  as  to  oppose  serious  obsta- 
cles to  the  passage  of  the  electric 
waves.  In  order  to  ascertain  whether 
communication  over  distances  as  high 
as  50  kilometers  would  be  possible 
with  small  amounts  of  electric  energy, 
the  stations  were  equipped  with  dry 
cells.  It  was  found  that  the  primary 
energy  of  a  limited  number  of  dry 
cells  was  insufficient,  a  consumption 
of  about  200  watts  being  necessary  to 
overcome  the  obstacles  on  the  pas- 
sage of  the  electric  waves. 

The  experiments  between  Germany 
and  Sweden,  as  contemplated  for 
some  time  past,  were  begun  on  De- 
cember 16,  when  wireless  telegraph 
communication  was  secured  between 
Oberschoenweide,  near  Berlin,  and 
Karlskrona,  a  Swedish  naval  station, 
a  distance  of  about  450  kilometers. 
The  results  so  far  obtained  are  said  to 
be  quite  satisfactory. 


The  principality  of  Monaco,  in 
southern  France,  has  had  an  electric 
railroad  operating  on  a  surface-contact 
system  since  1898.  Recently,  accord- 
ing to  the  "Electrical  Review," permis- 
sion has  been  secured  to  use  a  trolley 
system  for  extensions  to  the  line,  and 
it  has  been  decided  to  convert  the 
whole  system,  although  the  original 
road  has  given  satisfaction.  The 
power  station  has  an  output  of  220 
kilowatts  at  500  volts,  and  there  are 
six  motor  cars,  each  equipped  with 
two  motors. 


The  ElectricaJ  Transmission  of  Water  Powers 


By    ALTON    D.    ADAMS 


ELECTRICAL 
transmission 
has    reduced 
the  cost  of  water 
power     develop- 
ment.     Without 
transmission   the 
power    must    be 
developed    at     a 
number    of     dif- 
ferent   points    in 
order   that   there 
m  ay    be    room 
enough    for    the 
buildings  in 
which     it     is     to 
be  utilized.    This 
condition    neces- 
sitates   relatively 
long     canals     to 
conduct  the  water  to  the  several  points 
where  power  is  to  be  developed,  and 
also   a    relatively   large   area   of   land 
with  canal  and  river  frontage. 

With  electrical  transmission  the 
power,  however  great,  may  well  be  de- 
veloped at  a  single  spot  and  on  a  very 
limited  area  of  land.  The  canal  in 
this  case  may  be  merely  a  short  pas- 
sageway from  one  end  of  a  dam  to  a 
nearby  power  house,  or  may  disappear 
entirely  when  the  power  house  itself 
forms  the  dam,  as  is  sometimes  the 
case. 

These  differences  between  the  dis- 
tribution of  water  for  power  purposes 
and  the  development  by  water  of 
electrical  energy  for  transmission  may 
be  illustrated  by  many  examples. 

A  typical  case  of  the  distribution  of 
water  to  the  points  where  power  is 
wanted  may  be  seen  in  the  hydraulic 
development  of  the  Amoskeag  Manu- 
facturing Company  at  Manchester, 
New  Hampshire.  This  development 
includes  a  dam  across  the  Merrimac 
River,  and  two  parallel  canals  that 
follow  one  of  its  banks  for  about 
3,400  feet  down  stream.  By  means 
of  a  stone  dam  and  a  natural  fall  a 
little  beyond  its  toe  a  water  head  of 
about  48  feet  is  obtained  at  the  upper 
end  of  the  high  level  canal.  Below 
this  point  there  is  very  little  drop  in 
the  bed  of  the  river  through  that  part 
of  its  course  that  is  paralleled  by  the 
two  canals.  All  of  the  power  might 
thus  be  developed  within  a  few  rods 
of  one  end  of  the  dam,  if  means  were 
provided  for  its  distribution  to  the 
points  where  it  must  be  used. 
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Years  ago,  when  this  water  power 
was  developed,  the  electrical  transmis- 
sion or  distribution  of  energy  was 
unheard  of,  and  distribution  of  the 
water  itself  had  therefore  to  be 
adopted.  For  this  purpose  the  two 
canals  already  mentioned  were  con- 
structed along  the  high  bank  of  the 
river  at  two  different  levels. 

The  high-level  canal,  so-called,  was 
designed  to  take  water  directly  from 
the  basin  or  forebay  a  little  below  one 
end  of  the  dam,  so  that  between  this 
canal  and  the  river  there  is  the  full 
water  head  of  about  48  feet.  Over 
nearly  its  entire  course  the  nearest 
side  of  this  high-level  canal  runs  be- 
tween 450  and  750  feet  from  the  edge 
of  the  river  wall,  and  thus  includes  be- 
tween it  and  the  river  a  large  area  on 
which  factories  to  be  driven  by  water 
wheels  may  be  located.  it  was 
thought,  however,  that  this  strip  of 
land  between  the  high-level  canal  and 
the  river  was  too  wide  for  the  ready 
connection  of  each  wheel  with  head 
and  tail  water,  and  the  lower  level 
canal  was  therefore  constructed  paral- 
lel with  that  on  the  higher  level,  but 
with  about  21  feet  less  elevation. 

Between  these  two  canals  a  strip  of 
land  about  250  feet  wide  was  left  for 
the  location  of  mills.  By  this  arrange- 
ment of  canals  it  is  possible  to  supply 
wheels  located  between  the  high  and 
the  low  levels  with  water  under  a  head 
of  about  21  feet,  and  to  supply  wheels 
between  the  lower  canal  and  the  river 
with  water  under  a  head  of  about  29 
feet.  The  entire  area  of  land  between 
the  high  canal  and  the  river  is  thus 
made  readily  available  for  factory 
buildings. 

Water  for  the  lower  canal  is  drawn 
mainly  from  the  high  canal  through 
the  wheels  in  buildings  that  are  lo- 
cated between  the  two  canals.  It  is 
desirable  in  a  case  of  this  sort  to  have 
as  much  water  flow  through  the 
wheels  between  the  high  and  low 
canal  as  flows  through  the  wheels  be- 
tween the  low  canal  and  the  river,  but 
this  is  not  always  possible.  A  gate  is, 
therefore,  provided  at  the  forebay 
where  the  two  canals  start,  by  which 
water  may  pass  from  the  forebay  di- 
rectly into  the  low  canal  when  neces- 
sary, but  the  head  of  21  feet  between 
the  forebay  and  the  low  canal  is  lost 
as  to  this  water.  Between  the  high 
and  low  canal,  and  between  the  low 


canal  and  the  river  23  turbine  wheels 
or  pairs  of  wheels  have  been  connect- 
ed, and  these  wheels  have  a  combined 
rating  of  9,500  horse  power. 

To  carry  out  this  hydraulic  devel- 
opment it  thus  appears  that  about  1.3 
miles  of  canal  have  been  constructed; 
one-half  this  length  of  river  front  has 
been  required,  and  about  one-sixth 
square  mile  of  territory  has  been  oc- 
cupied. Contrast  with  this  result 
what  might  have  been  done  if  electri- 
cal transmission  of  power  had  been 
available  at  the  time  when  this  water 
power  was  developed.  All  but  a  few 
rods  in  length  of  the  existing  1.3 
miles  of  canal  might  have  been  omit- 
ted, and  an  electric  generating  station 
with  wheels  to  take  the  entire  flow  of 
the  river  might  have  been  located  not 
far  from  one  end  of  the  dam.  Facto- 
ries utilizing  the  electric  power  thus 
developed  might  have  been  located  at 
any  convenient  points  along  the  river 
front  or  elsewhere,  and  no  space 
would  have  been  made  unavailable 
because  of  the  necessity  of  head  and 
tail  water  connections  to  scattered 
sets  of  wheels. 

Compare  with  the  foregoing  hy- 
draulic development  that  at  Canon 
Ferry  on  the  Missouri  River,  in  Mon- 
tana, where  10,000  horse  power  is  de- 
veloped under  a  water  head  of  32  feet. 
At  Canon  Ferry  the  power  house  is 
225  feet  by  50  feet  at  the  floor  level  in- 
side, contains  turbine  wheels  direct 
connected  to  ten  main  generators  of 
7,500  kilowatts,  or  10,000  horse  power 
combined  capacity,  and  is  built  on  the 
river  bank  close  to  one  end  of  the  500 
foot  dam.  The  canal  which  runs 
along  the  land  side  of  the  power 
house,  and  fakes  water  at  the  up- 
stream side  of  the  abutment,  is  less 
than  twice  the  length  of  the  power 
house  itself.  The  saving  in  the  cost 
of  canals  construction  alone,  to  say 
nothing  of  the  saving  as  to  the  re- 
quired area  of  land,  is  evidently  a 
large  item  in  favor  of  the  electrical  de- 
velopment and  transmission.  In  its 
small  land  area  and  short  canal  the 
Canon  Ferry  plant  is  not  an  excep- 
tion, but  is  rather  typical  of  a  large 
class  of  electric  water  power  plants 
that  operate  under  moderate  heads. 

A  like  case  may  be  seen  in  the  plant 
at  Red  Bridge,  on  the  Chicopee  River, 
in  Massachusetts,  where  a  canal  340 
feet  long,  together  with  penstocks  100 
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feet  long,  convey  water  from  one  end 
of  the  dam  and  deliver  it  to  wheels  in 
the  electric  station  with  a  head  of  49 
feet.  This  station  contains  electric 
generators  with  a  combined  capacity 
of  4,800  kilowatts  or  6,400  horse 
power,  and  its  floor  area  is  141  by  57 
feet. 

So  again,  at  Great  Falls,  on  the  Pre- 
sumpscot  River,  in  North  Gorham, 
Maine,  the  electric  station  rests  about 
40  feet  in  front  of  the  forebay  wall, 
which  adjoins  one  abutment  of  the 
dam,  and  there  is  no  canal  whatever, 
as  short  penstocks  bring  water  to  the 
wheels  with  a  head  of  35  feet.  In 
ground  area  this  station  is  67.5  by  55 
feet,  and  its  capacity  in  main  genera- 
tors is  2,000  kilowatts  or  2,700  horse 
power. 

A  striking  illustration  of  the  extent 
to  which  electrical  transmission  re- 
duces the  cost  of  water  power  devel- 
opment may  be  seen  at  Gregg's  Falls 
on  the  Piscataquog  River,  in  New 
Hampshire,  where  an  electric  station 
of  1,200  kilowatts  capacity  has  been 
built  close  to  one  end  of  the  dam,  and 
receives  water  for  its^  wheels  under  a 
head  of  51  feet  through  two  short 
penstocks,  each  10  feet  in  diameter, 
that  pierce  one  of  the  abutments. 

Perhaps  the  greatest  electric  water 
power  station  anywhere  that  rests 
close  to  the  dam  that  provides  the 
head  for  its  wheels,  is  that  at  Spier 
Falls,  on  the  upper  Hudson.  One  end 
of  this  station  is  formed  by  the  high 
wall  section  of  the  dam,  and  from  this 
wall  the  length  of  the  station  down- 
stream is  392  feet,  while  its  width  is 
70  feet  10  inches,  both  dimensions  be- 
ing taken  inside.  The  canal  or  fore- 
bay  in  this  case,  like  that  at  Canon 
Ferry,  lies  on  the  bank  side  of  the 
power  station,  and  is  about  equal  to  it 
in  length.  From  this  canal  ten  short 
penstocks,  each  12  feet  in  diameter, 
will  convey  water  under  a  head  of  80 
feet  to  as  many  sets  of  turbine  wheels 
in  the  station.  These  wheels  will 
drive  ten  generators  with  an  aggre- 
gate capacity  of  24,000  kilowatts  or 
32,000  horse  power. 

Sometimes  the  slope  in  the  bed  of 
a  river  is  so  gradual  or  so  divided  up 
between  the  number  of  small  falls,  or 
the  volume  of  water  is  so  small,  that 
no  very  large  power  can  be  developed 
at  any  one  point  without  the  con-, 
struction  of  a  long  canal.  In  a  case 
of  this  sort  electrical  transmission  is 
again  available  to  reduce  the  expense 
of  construction  that  will  make  it  pos- 
sible to  concentrate  all  the  power 
from  a  long  stretch  of  the  river  at  a 
single  point.  This  is  done  by  locat- 
ing electric  generating  stations  at  as 
many  points  as  may  be  thought  de- 
sirable along  the  river  whose  energy 
is  to  be  utilized,  and  then  transmitting 


power  from  all  of  these  stations  to  the 
single  point  where  it  is  wanted. 

A  case  in  point  is  that  of  Garvins 
Falls  and  Hooksett  Falls  on  the  Mer- 
rimac  River  and  four  miles  apart.  At 
the  former  of  these  two  falls  the  head' 
of  water  is  28  feet,  and  at  the  latter  it 
is  16  feet.  To  unite  the  power  of 
both  these  falls  in  a  single  water- 
driven  station  would  obviously  re- 
quire a  canal  4  miles  long  whose 
expense  might  well  be  prohibitive. 
Energy  from  both  of  these  falls  is 
made  available  at  a  single  sub-station 
in  Manchester,  New  Hampshire,  by 
a  generating  plant  at  both  points  and 
transmission  lines  thence  to  that  city. 

At  Hooksett  the  present  capacity  of 
the  electric  station  is  1,000  horse 
power,  and  at  Garvins  Falls  the  capa- 
city is  1,700  horse  power.  The  river 
is  capable  of  developing  larger  powers 
at  both  of  these  falls,  however,  and 
construction  is  now  under  way  at  Gar- 
vins that  will  raise  its  station  capacity 
to  5,000  horse  power. 

A  similar  result  in  the  combination 
of  water  powers  without  the  aid  of  a 
long  canal  is  reached  in  the  case  of 
Gregg's  Falls  and  Kelley's  Falls, 
which  are  3  miles  apart  on  the  Pis- 
cataquog River.  At  the  former  of 
these  two  falls  the  electric  generating 
capacity  is  1,600  horse  power,  as  pre- 
viously noted,  and  at  the  latter  fall  the 
capacity  is  1,000  horse  power.  In 
each  case  the  station  is  close  to  its 
dam,  and  no  canal  is  required.  Elec- 
trical transmission  unites  these  two 
powers  in  the  same  sub-station  at 
Manchester  that  receives  the  energy 
from  the  two  stations  above  named 
on  the  Merrimac  River. 

Instead  of  transmitting  power  from 
two  or  more  water  falls  to  some 
point  distant  from  each  of  them,  the 
power  developed  at  one  or  more  falls 
may  be  transmitted  to  the  site  of  an- 
other and  there  used.  This  is,  in  fact, 
done  at  the  extensive  Ludlow  twine 
mills  on  the  Chicopee  River,  in  Mas- 
sachusetts. These  mills  are  located 
at  a  point  on  the  river  where  its  fall 
makes  about  2,500  horse  power  avail- 
able, and  this  fall  has  been  developed 
to  its  full  capacity.  After  a  capacity 
of  2,400  horse  power  in  steam  engines 
had  been  added,  more  water  power 
was  sought,  and  a  new  dam  was  lo- 
cated on  the  same  river  at  a  point 
about  4.5  miles  up  stream  from  the 
mills.  The  entire  flow  of  the  river 
was  available  at  this  new  dam,  and  a 
canal  4.5  miles  long  might  have  been 
employed  to  carry  the  water  down  to 
wheels  at  the  mills  in  Ludlow. 

Such  a  canal  would  have  meant  a 
large  investment,  not  only  for  land 
and  construction,  but  also,  possibly, 
for  damages  to  estates  bordering  on 
the   river,  if  all  of  its  water  was  di- 


verted. Instead  of  such  a  canal,  an 
electric  generating  station  was  located 
close  to  the  new  dam  with  a  capacity 
of  6,400  horse  power,  and  this  power 
is  transmitted  to  motors  in  the  mills 
at  Ludlow. 

Even  where  the  power  is  to  be  util- 
ized at  some  point  distant  from  each 
of  several  water  falls,  it  may  be  con- 
venient to  combine  the  power  of  all 
at  one  of  them  before  transmitting  it 
to  the  place  of  use.  This  is  actually 
done  in  the  case  of  two  electric  sta- 
tions located  respectively  at  Indian 
Orchard  and  Birchem  Bend  on  the 
Chicopee  River,  whose  energy  is  de- 
livered to  the  sub-station  of  the  elec- 
trical supply  system  in  Springfield, 
Massachusetts.  At  the  Indian  Or- 
chard station  the  head  of  water  is  36 
feet,  and  at  Birchem  Bend  it  is  14  feet, 
while  the  two  stations  are  about  2 
miles  apart.  A  canal  of  this  length 
might  have  been  built  to  give  a  head 
of  50  feet  at  the  site  of  the  Birchem 
Bend  dam,  but  instead  of  this  an  elec- 
tric station  was  located  near  each  fall, 
and  a  transmission  line  was  built  be- 
tween the  two  stations.  Each  gen- 
erating station  was  also  connected 
with  the  sub-station  in  Springfield  by 
an  independent  line,  and  power  is  now 
transmitted  from  one  generating  plant 
to  the  other,  as  desired,  and  the  power 
of  both  may  go  to  the  sub-station 
over  either  line.  In  the  Indian  Or- 
chard station  the  dynamo  capacity  is 
about  2,000  kilowatts,  and  at  Birchem 
Bend  it  is  800  kilowatts. 

Another  case  showing  the  union  of 
two  water  powers  by  electrical  trans- 
mission, where  the  construction  of  an 
expensive  canal  was  avoided,  is  that 
of  the  electrical  supply  system  of 
Hartford,  Connecticut.  This  system 
draws  a  large  part  of  its  energy  from 
two  electric  plants  on  the  Farmington 
River,  at  points  that  are  about  3  miles 
apart  in  the  towns  of  Windsor  and 
East  Granby,  respectively.  At  one  of 
these  plants  the  head  of  water  is  32 
feet,  and  at  the  other  it  is  23  feet,  so 
that  a  head  of  55  feet  might  have  been 
obtained  by  building  a  canal  3  miles 
long.  Each  of  these  stations  is  lo- 
cated near  its  dam,  and  the  generator 
capacity  at  one  station  is  1,200  and  at 
the  other  1,500  kilowatts.  Transmis- 
sion lines  deliver  power  from  both  of 
these  plants  to  the  same  sub-station 
in  Hartford. 

Sometimes  two  or  more  water  pow- 
ers on  the  same  river  that  are  to  be 
united  are  so  far  apart  that  any  at- 
tempt to  construct  a  canal  between 
them  would  be  impracticable.  This 
is  illustrated  by  the  Spier  and  Me- 
chanicsville  Falls  on  the  Hudson 
River,  which  are  25  miles  apart  in  a 
direct  line  and  a  greater  distance  by 
the  course  of  the  stream.     At  Spier 
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A    CONSTRUCTION    VIEW    OF    THE    DAM    AT    SPIER    FALLS,    ON    THE    HUDSON     RIVER,     NEW    YORK,     SHOWING    ALSO    THE    FOUNDATION,    AT    THE 

LEFT,   FOR  THE   POWER    HOUSE. 


Falls  the  head  is  80  feet,  and  at  Me- 
chanicsville  it  is  18  feet,  but  the  bed  of 
the  river  drops  more  than  200  feet  be- 
tween these  two  points  and  the  gen- 
eral elevation  of  the  river  valley  falls 
off  accordingly.  Union  of  the  power 
of  these  two  falls  is  thus  out  of  the 
question  for  physical  reasons  alone. 
Electrical  transmission,  however, 
brings  energy  from  both  of  these 
water  powers  to  the  same  sub-stations 
in  Schenectady,  Albany  and  Troy. 


In  another  class  of  cases  electrical 
transmission  does  what  could  not  be 
done  by  any  system  of  canals,  how- 
ever expensive;  that  is,  it  unites  the 
water  powers  of  distinct  and  distant 
rivers  at  any  desired  point.  Thus 
power  from  both  the  Merrimac  and 
the  Piscataquog  rivers  is  distributed 
over  the  same  wires  in  Manchester; 
the  Yuba  and  the  Mokelumne  con- 
tribute to  electrical  supply  along  the 
streets    of    San    Francisco;    and    the 


Monte    Alto    and    Tlalnepantla    yield 
energy  in  the  City  of  Mexico. 

It  does  not  follow  from  the  forego- 
ing that  it  is  always  more  economical 
to  develop  two  or  more  smaller  water 
powers  at  different  points  along  a 
river  for  transmission  to  some  com- 
mon center  than  it  is  to  concentrate 
the  water  at  a  single  larger  station  by 
more  elaborate  hydraulic  construc- 
tion, and  then  deliver  all  of  the  energy 
over  a  single  transmission  line.     The 
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single  larger  hydraulic  and  electric 
plant  will  usually  have  a  first  cost 
much  larger  than  that  of  the  several 
smaller  ones,  because  of  the  required 
canals  or  pipe  lines.  A  partial  offset 
to  this  larger  hydraulic  investment  is 
the  difference  in  cost  between  one  and 
several  transmission  lines,  or  at  least 
the  cost  of  the  lines  that  would  be 
necessary  between  the  several  smaller 
stations  in  order  to  combine  their 
energy  output  before  its  transmission, 
over  a  single  line  to  the  point  of  use. 

Against  the  total  excess  of  cost  for 
the  single  larger  hydraulic  and  elec- 
trical plant  there  should  be  set  the 
greater  expense  of  operation  at  sev- 
eral smaller  and  separate  plants.  Even 
a  small  water-driven  electric  station 
that  can  be  operated  by  a  single  at- 
tendant at  any  one  time  must  have 
two  attendants  if  it  is  to  deliver  energy 
during  the  greater  part  or  all  of  every 
24  hours.  But  a  single  attendant  can 
care  for  a  water  power  plant  of  1,000 
to  2,000  horse  power  capacity,  so  that 
two  plants  of  750  horse  power  each 
will  require  double  the  operating  force 
of  one  plant  of  1,500  horse  power.  If 
two  such  plants  are  constructed  in- 
stead of  one  that  has  their  combined 
capacity,  the  monthly  wages  of  the 
two  additional  operators  required  by 
the  two  plants  will  amount  to  at  least 
one  hundred  dollars.  If  money  is 
worth  6  per  cent,  yearly,  it  follows 
that  an  additional  investment  of 
$1,200  -^  0.06  =  $20,000  might  be 
made  in  hydraulic  work  to  concen- 
trate the  power  at  one  point  before 
the  annual  interest  charge  would 
equal  the  increase  of  wages  made 
necessary  by  two  plants. 

Reliability  of  operation  is  one  of  the 
most  important  requirements  in  an 
electric  water-power  plant,  and  its 
construction  should  be  carried  out 
with  this  in  view.  Anchor  ice  is  a 
serious  menace  to  the  regular  opera- 
tion of  water  wheels  in  cold  climates, 
because  it  clogs  up  the  openings  in 
the  racks  and  in  the  wheel  passages. 
Anchor  ice  is  formed  in  small  parti- 
cles in  the  water  of  shallow  and  fast 
flowing  streams,  and  tends  to  form 
into  masses  on  solid  substances  with 
which  the  water  comes  in  contact. 

At  the  entrance  to  penstocks  or 
wheel  chambers,  steel  racks  with 
long,  narrow  openings,  say  1}  inches 
wide,  are  regularly  placed  to  keep  all 
floating  objects  away  from  the  wheels. 
When  water  bearing  fine  anchor  or 
frazil  ice  comes  in  contact  with  these 
racks,  it  rapidly  clogs  up  the  narrow 
openings  between  the  bars,  unless 
men  are  kept  at  work  raking  off  the 
ice  as  it  forms.  At  the  Niagara  Falls 
electric  station,  in  some  instances 
when  the  racks  become  clogged,  they 
have  been  lifted,  and  the  anchor  ice 
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allowed  to  pass  down  through  the 
wheels.  This  is  said  to  have  proved 
an  effective  remedy,  but  it  would  ob- 
viously be  of  no  avail  in  a  case  where 
the  ice  clogged  the  passages  of  the 
wheels  themselves. 

The  best  safeguard  against  anchor 
ice  is  a  large,  deep  forebay  next  to  the 
racks,  where  the  water  being  compara- 
tively quiet,  will  soon  freeze  over  after 
cold  weather  commences.  The  an- 
chor ice  coming  down  to  this  forebay 
and  losing  most  of  its  forward  mo- 
tion, soon  rises  to  the  surface  or  to 
the  under  side  of  the  top  coating  of 
solid  ice,  and  the  warmer  water  sinks 
to  the  bottom.  Good  construction 
puts  the  entrance  ends  of  penstocks 
well  below  the  surface  of  water  in  the 
forebay,  so  that  they  may  receive  the 
warmer  water  that  contains  little  or 
no  anchor  ice. 

Illustrations  of  practice  along  these 
lines  as  to  size,  depth  of  forebay  and 
location  of  penstocks  may  be  seen  in 
many  well  designed  plants.  One  in- 
stance is  that  at  Garvins  Falls,  on  the 
Merrimac  river,  where  the  new  hy- 
draulic development  for  5,000  horse 
power  is  now  under  way.  Water 
from  the  river  in  this  case  comes  down 
to  the  power  station  through  a  canal 
500  feet  long,  and  of  68  feet  average 
width  midway  between  the  bottom 
and  the  normal  flow  line.  In  depth  up 
to  this  flow  line  the  canal  is  12  feet  at 
its  upper  and  13  feet  at  its  lower  end, 
just  before  it  widens  into  the  forebay. 
In  this  forebay  the  depth  increases  to 
17  feet,  and  the  width  at  the  rack  is 
double  that  of  the  canal.  The  steel 
penstocks,  each  12  feet  in  diameter, 
terminate  in  the  forebay  wall  at  an 
average  distance  of  7  feet  behind  the 
rack,  and  each  penstock  has  its  cen- 
ter 10.6  feet  below  the  water  level  in 
the  forebay.  As  there  is  a  large  pond 
created  by  the  dam  in  this  case,  and 
as  the  flow  of  water  in  the  canal  is 
deep  rather  than  swift,  enough  oppor- 
tunity is  afforded  to  any  anchor  ice 
to  rise  to  the  surface  before  it  reaches 
the  forebay  in  this  case. 

Penstocks  for  the  electric  station  at 
Great  Falls,  oh  the  Presumpscot 
River,  whence  energy  is  drawn  for 
lighting  and  power  in  Portland, 
Me.,  are  each  8  feet  in  diameter, 
and  pierce  the  forebay  wall  behind 
the  rack  with  their  centers  15  feet 
below  the  normal  water  level  in 
the  forebay.  In  front  of  the  forebay 
wall  the  water  stands  2y  feet  deep, 
and  the  pond  formed  by  the  dam,  of 
which  the  forebay  wall  forms  one  sec- 
tion, is  1,000  feet  wide  and  very  quiet. 
Though  the  Maine  climate  is  very 
cold  in  winter  and  the  Presumpscot  is 
a  turbulent  stream  above  the  dam  and 
pond,  there  has  never  been  any 
trouble  with  anchor  ice  at  the  Great 


Falls  plant.  An  excellent  illustration 
is  thus  presented  of  the  fact  that  deep, 
still  water  in  the  forebay  is  a  complete 
remedy  for  troubles  with  ice  of  this 
sort. 

Maximum  loads  on  electrical  sup- 
ply systems  are  usually  from  twice  to 
four  times  as  great  as  the  average 
loads  during  each  24  hours.  A  pure 
lighting  service  means  the  larger  ra- 
tio between  the  average  and  maxi- 
mum load,  while  a  larger  motor  ca- 
pacity along  with  the  lamps,  tends  to 
reduce  the  ratio.  Furthermore,  by  far 
the  greater  part  of  the  energy  output 
of  an  electrical  supply  system  during 
each  24  hours  must  be  delivered  be- 
tween noon  and  midnight.  For  these 
reasons  there  must  be  enough  water 
stored,  that  can  flow  to  the  station  as 
wanted,  to  carry  a  large  share  of  the 
load  during  each  day,  unless  storage 
batteries  are  employed  to  absorb  en- 
ergy at  times  of  light  load,  if  the  entire 
normal  flow  of  the  river  is  to  be  util- 
ized. 

It  is  usually  much  cheaper  to  store 
water  than  electrical  energy  for  the 
daily  fluctuations  of  load,  and  the  only 
practicable  place  for  this  storage  is 
more  commonly  behind  the  dam  that 
maintains  the  head  for  the  power  sta- 
tion. This  storage  space  should  be  so 
large  that  the  drain  upon  it  during 
the  hours  of  heavy  load  will  lower 
the  head  of  water  on  the  wheels  but 
little,  else  it  may  be  impossible  to 
maintain  the  standard  speed  of  revo- 
lution for  the  wheels  and  generators, 
and  consequently  the  transmission 
voltage. 

At  the  Great  Falls  plant,  water  stor- 
age to  provide  for  the  fluctuations  of 
load  in  different  parts  of  the  day  takes 
place  back  of  the  dam,  and  for  about 
one  mile  up-stream.  This  dam  is  450 
feet  long  in  its  main  part,  and  a  dike 
wall  increases  the  total  length  to 
about  1,000  feet.  For  half  a  mile  up- 
stream from  this  dike  and  dam  the 
average  width  of  the  pond  is  1,000 
feet,  and  its  greatest  depth  is  not  less 
than  2J  feet.  As  the  station  capacity 
is  2,700  horse-power  in  main  gener- 
ators, with  a  head  of  35  feet  at  the 
wheels  the  storage  capacity  is  more 
than  ample  for  all  changes  of  load  at 
different  times  of  day. 

The  dam  at  Spier  Falls,  on  the  Hud- 
son River,  is  1,820  feet  long  between 
banks,  155  feet  high  above  bedrock 
in  its  deepest  section,  and  raises  the 
river  50  feet  above  its  former  level. 
Behind  the  dam  a  lake  is  formed  one- 
third  of  a  mile  wide  and  5  miles  long. 
Water  from  this  storage  reservoir 
passes  down  through  the  turbines  with 
a  head  of  80  feet,  and  is  to  develop  32,- 
000  horse-power.  As  a  little  calcula- 
tion will  show,  this  lake  is  ample  to 
maintain  the  head  under  anv  fluctu- 
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ation  in  the  daily  load.  At  Canon 
Ferry,  where  electrical  energy  for 
Butte  and  Helena,  Montana,  is  devel- 
oped, the  dam,  which  is  480  feet  long, 
crosses  the  river  in  a  narrow  canyon 
that  extends  up-stream  for  about  half 
a  mile.  Above  this  canyon  the  river 
valley  widens  out,  and  the  dam,  which 
maintains  a  head  of  30  feet  at  the 
power  station,  sets  back  the  water  in 
this  valley,  and  thus  forms  a  lake  be- 
tween two  and  three  miles  wide,  and 
about  seven  miles  long.  At  the  sta- 
tion the  generator  equipment  has  a 
total  rating  of  10,000  horse  power. 
From  these  figures  it  may  be  seen 
that  the  storage  lake  would  be  able 
to  maintain  nearly  the  normal  head  of 
water  for  some  hours,  when  the  sta- 
tion was  operating  under  full  load, 
however  small  the  flow  of  the  river 
above. 


Niagara.    Power   Plant  Extensions 

By    H.  W.  BUCK.  Electrical    Engineer   of   the   Niagara.    Falls    Power  Co. 


According  to  reports,  the  Russian 
Post  Office  has  been  experimenting 
with  automobiles  to  replace  horses  in 
conveying  the  mails  to  and  from  rail- 
way stations.  Fourteen  automobiles 
have  been  ordered  by  the  St.  Peters- 
burg, Post  Office,  ten  of  these  are  of 
large  size,  for  carrying  mails  to  the 
trains,  while  the  four  smaller  ones  will 
be  used  in  collecting  letters  from  the 
post  boxes  in  the  streets. 


PROBABLY  no  better  measure 
could  be  offered  of  the  great 
success,  commercial  and  engi- 
neering, of  the  Niagara  Falls  Power 
Company's  operations  than  the  state- 
ment that,  at  the  present  time,  the 
limit  of  the  capacity  of  the  company's 
second  power  house  has  almost  been 
reached,  and  a  third  power  house  is 
now  being  erected  on  the  Canadian 
side  of  the  Niagara  River. 

The  first  power  house,  with  which 
the  company  began  operations  in 
1895,  has  a  capacity  of  50,000  horse 
power,  disposed  of  in  ten  generators 
of  5,000  horse  power  each.  The  sec- 
ond plant,  on  the  American  side, 
known  as  Power  House  No.  2,  is  lo- 
cated near  the  first  power  house,  but 
on  the  opposite  side  of  the  inlet  canal, 
and  its  equipment  consists  of  eleven 
5,000  horse  power  generators,  six  of 
them  of  the  same  type  as  those  in 
Power  House  No.  1,  with  external  re- 
volving fields,  and  the  remaining  five 
with  internal  revolving  fields  and  out- 
side stationary  armatures.  This  type 
was  decided  upon  on  account  of  the 
much  lower  cost  of  building,  sim- 
plicity of  handling,  and  accessibility 
to  the  various  parts,  as  compared  with 


the  externa]  field  design ;  but,  like  the 
original  machines,  the  later  ones  are 
wound  for  2,200  volts,  25  cycles,  two 
phase,  and  run  at  a  speed  of  250  revo- 
lutions per  minute. 

The  Canadian  plant,  now  approach- 
ing completion,  will  be  operated  by 
the  Canadian  Niagara  Power  Com- 
pany, a  Canadian  corporation  con- 
trolled by  the  Niagara  Falls  Power 
Company.  This  plant,  with  a  capac- 
ity, when  completed,  of  110,000  horse 
power,  is  located  in  Queen  Victoria 
Park,  about  1,500  feet  above  the 
Horse  Shoe  Falls.  Its  hydraulic  feat- 
ure will  be  similar  to  that  of  the 
American  plants,  with  its  intake  canal, 
wheel  pit,  and  discharge  tunnel  lead- 
ing to  the  foot  of  the  Horse  Shoe 
Falls.  This  power  development  will 
be  used  for  the  transmission  of  power 
to  Toronto  and  other  Canadian  cities 
within  transmission  distance,  and  for 
the  distribution  of  power  to  factories 
located  in  Canada  in  the  neighbor- 
hood of  the  power  house.  It  will  also 
be  used  for  the  supply  of  power  to  the 
American  power  system,  with  which 
it  will  be  arranged  to  operate  in  par- 
allel. 

The  essential  differences  embodied 
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in  this  plant  will  be  in  the  size  of  unit 
and  in  the  electrical  arrangements. 
The  unit  will  be  of  10,000  horse  power 
capacity  (7,500  kilowatts),  and  the 
generators  will  be  wound  for  11,000 
volts  three-phase.  The  frequency 
will  be  retained  at  25  cycles  for  the 
sake  of  uniformity  with  the  American 
plants,  so  as  to  permit  of  parallel  op- 
eration. In  selecting  this  size  of  unit 
the  American  and  Canadian  systems 
were  regarded  as  one.  Since  this  is 
likely  to  ultimately  reach  an  output  of 
several  hundred  thousand  horse  pow- 
er, a  unit  of  10,000  horse  power  is  not 
a  large  proportion  of  the  whole,  and 
is  not  too  large  an  amount  of  power 
to  concentrate  in  one  machine  from 
the  standpoint  of  convenience. 

The  principal  advantage  of  a  unit 
of  this  size  over  the  smaller  one  is  in 
the  reduction  in  cost  of  development 
per  horse  power.  This  reduction  in 
cost  results  from, — 

1.  Lower  cost  of  generator  per 
horse  power. 

2.  Lower  cost  of  turbines  per  horse 
power. 

3.  A  10,000  horse-power  unit  occu- 
pies only  slightly  more  space  than  one 
of  5,000  horse-power  capacity,  which 
results,  for  a  given  plant  output,  in 
great  reduction  in  length  of  wheel  pit, 
power  house  and  forebay,  and  a  con- 
sequent reduction  in  construction. 

Other  advantages  will  result,  such 
as  simplicity  of  operation — owing  to 
the  reduction  in  the  number  of  units 
— and  reduction  in  the  cost  of  main- 
tenance. This  size  of  unit  was  sug- 
gested by  the  engineers  of  the  Niag- 
ara Falls  Power  Company,  and  was 
adopted  upon  their  recommendation. 
The  generators,  five  of  which  have 
been  ordered,  are  being  constructed 
by  the  General  Electric  Company. 

One  of  them  is  shown  in  assembly 
on  page  51.  It  is  of  the  internal  re- 
volving field  vertical  shaft  type,  like 
the  later  generators  in  Power  House 
No.  2.  Its  revolving  field  ring  is  built 
up  of  punched  laminations,  bolted  to- 
gether with  joints  lapped.  This  meth- 
od of  construction  gives  a  uniform 
and  definite  strength  of  ring  and  high 
magnetic  permeability.  The  weight 
of  the  revolving  part  of  the  machine 
is  141,000  pounds,  with  a  fly-wheel 
effect,  at  250  revolutions  per  minute, 
of  2,000,000,000. 

The  high  tension  of  11,000  volts 
was  selected,  not  for  long-distance 
transmission,  but  for  economy  in  dis- 
tribution to  power  users  near  the 
power  house.  In  distributing  large 
amounts  of  power  underground  from 
a  2,200-volt,  two-phase  plant,  as  in  the 
case  of  power  houses  Nos.  1  and  2, 
after  a  radius  of  about  one  mile  is  ex- 
ceeded, it  becomes  cheaper  to  trans- 
form to  12,000  volts  three-phase,  and 


distribute  at  this  voltage,  than  to  sup- 
ply power  directly  at  2,200  volts. 
From  this  it  becomes  evident  that 
great  economy  results  from  the  direct 
generation  of  the  higher  voltage.  For 
long-distance  transmission,  step-up 
transformers  will  be  used  to  raise  the 
voltage  to  22,000,  40,000,  or  60,000 
volts. 

The  new  plant  is  expected  to  be  in 
operation  by  July  1,  1904.  Its  output 
will  be  used  for  Canadian  industries 
in  the  province  of  Ontario  within 
transmission  distance  of  the  power 
house,  or  for  American  consumers,  as 
the  demand  may  be.  A  part  of  its 
output  may  be  sent  to  Buffalo  by  a 
transmission  line  to  be  built  on  the 
Canadian  side  of  the  Niagara  River. 

The  Niagara  power  system  now 
covers  a  very  large  territory;  thou- 
sands of  people  are  dependent  upon  it 
in  their  daily  lives,  and  commercial 
interests  of  great  importance  are  in- 
volved in  it.  The  industrial  world  has 
learned  that  the  Niagara  power  enter- 
prise is  no  longer  an  experiment,  and 
that  it  has  already  become  an  impor- 
tant factor  in  the  manufacturing 
status  of  this  continent.  Its  extent 
and  the  great  variety  of  the  industries 
which  it  operates  will  be  seen  from  the 
list  which  follows: — 

NIAGARA   POWER  SYSTEM.    LIST   OF 
CUSTOMERS 

3^      o  £  0 
NIAGARA     FALLS,     N.     Y.  "3  !-.      +-         O 

S  o    °  £ 

Name                                            H.P.  Miles 

The  Pittsburg  Reduction  Co 8,000  0.46 

The     Carborundum     Company 5,000  0.38 

Union    Carbide    Company 15,000  2 

Niagara    Electro-Chemical    Company. .  .2,000  0.75 

Niagara   Falls   Lighting   Company 1,000  0.14 

International    Railway    Company 1,500 

The   Niagara   Falls   Water  Works   Com- 
pany,   hydraulic    power 300 

International       Paper      Company,       hy- 
draulic   power    8,000 

Castner   Electrolytic   Alkali    Company .  .7,000  0.85 

Niagara  Development   Company 100  1.23 

Oldbury   Electro-Chemical    Company. .  .1,500  2.18 

Electrical  Lead  Reduction   Company...    500  0.19 

International   Acheson   Graphite   Co 1,000  0.28 

The  United  Barium   Company 2,000  0.66 

Acetyvone    Manufacturing    Company...      50  0.95 

Roberts    Chemical    Company 500  1.90 

Francis  Hook   &  Eye   &   Fastener  Co..      15  0.47 

Norton  Emery   Wheel  Co 650  0.95 

The   Natural   Food   Company 1,500  0.66 

Ramapo   Iron   Works 500  1.70 

By-Products   Paper   Company 500  0.19 

Composite    Board    Company 200  0.34 

Atmospheric     Products     Company 50  0.47 

Niagara    Research    Laboratories 500  0.28 

NIAGARA     FALLS,     ONTARIO 

A.    C.    Douglass,    contractor 400  3 

M.    P.   Davis,   contractor 300  3.7 

A.    C.    Jenckes,    contractor 200  3.5 

The    Carborundum    Company 200  3.6 

Niagara,  St.   Catharines  &  Toronto  Ry.  500  3.8 

Lighting   Company    300  3.4 

TONAWANDA 

International    Railway    Company 1,500 

Tonawanda  Board  &  Paper  Company.  .1,200  15 

Buffalo    Bolt   Company 160  14 

Philip  Houck  Milling  Company 142  14 

F.  J.  Alliger  Company 107  15 

Adamite    Abrasive    Company 50  14.5 

Orient  Manufacturing  Comoany 20  14 

Felton    School 22  14 

LOCKTORT 

Lockport   Lighting   Company 500        25 

International    Railway    Company 1,000        26 

OLCOTT 

International    Railway    Company .,,,,..  ,1,000        39 


S1.J  r*    O    W 
so.,  a 

BUFFALO                                                 "5  1-  2        o 

So  Qo 

^  £ 

Name                                             H.P  Miles 

Buffalo    Railway   Company 7,000  27 

Buffalo    General    Electric    Company ...  .6,000  27.6 

The    Charles    G.    Curtiss    Company 125  25.5 

McKinnon    Dash    Company 100  24.4 

Pratt    &    Letchworth 233  24.5 

W.  W.  Oliver  Manufacturing  Company      15  24.7 

Acme  Steel  &  Malleable  Iron  Works..      50  24.8 

N.  Y.  Car  Wheel  Works 200  24.3 

National     Battery    Company 90  26.3 

Standard    Plaster    Company 100  25.5 

Great   Northern.   Elevator    Company 900  29.5 

Buffalo  Dry  Dock  Company 133  30 

Electric   Grain   Elevator 200  30.7 

Barcalo  &  'Boll  Manufacturing  Co 60  30 

Schoellkopf   &    Co 50  30 

Iron  Elevator  &  Transfer  Company 165  30 

Great   Eastern    Elevator 900  30 

Sidney  Shepard  &  Co 100  30 

J.   I.   Prentiss   &   Co 30  29 

Edward   Elsworth   &   Co 150  30 

American  Agricultural  Chemical  Co....    125  32 

Jacob  Dold  Packing  Company 100  32.5 

Empire    Bridge    Company 90  33 

Buffalo    Elevating    Company 950  29 

John  Kam  Malting  Company 225  24.3 

American  Brake  Shoe  &  Foundry  Co..      40  33.2 

Buffalo   Cereal   Company 375  30.3 

Taylor    Signal    Company 65  25.5 

Snow    Steam    Pump    Works 150  33.3 

Wood   &    Brooks   Company 100  24.4 

U.   S.   Rubber  Reclaiming  Works 995  31.7 

American    Radiator    Company 200  24 

Cumpson-Prentiss    Coffee    Company 30  29.1 

Duffy    Brothers   &    Nellis 50  33.5 

Buffalo    Foundry    Company 240  35.1 

H.    O.    Mills 255  29.3 

Jewett  Manufacturing   Company 30  24.8 

Buffalo     Pitts     Company 187  35.5 

Buffalo   Brake   Beam   Company 30  25 

Buffalo  Dental  Manufacturing  Co 20  35.5 

Keystone   Manufacturing   Company 25  24.8 

R.    L.    Ginsburgh    &    Sons 33  34 

Buffalo   Weaving   &   Belting   Company.      65  25.5 

H.  W.  Dopp  &  Co 10  25 

Frontier    Iron    Works 15  25 

The   Crosby  Company 50  33 

Lackawanna    Steel    Company 70  29.4 

West   Manufacturing    Company 40  28 

Buffalo    Gasoline   Motor   Works 20  25 

Pratt   &   Lambert 10  24.5 

Wagner  Machine  Company 40  29 

Spencer   Kellogg  Company 500  29.2 

Hygienic  Food   Company 300  32.3 

Collins    Baking    Company 50  33.2 

George    Urban    Milling    Company 450  34.5 

Niagara  Mill   &   Elevator   Company 100  26 

D.,  L.  &  W.  R.  R.   Shops 150  34.5 

Ryder   Belt    &    Cordage   Company 65  24.7 

United  States  Headlight   Company 40  26 

George   E.    Laverack   Building 100  28.2 

Buffalo  Structural  Steel  Company 30  26 

J.    N.   Adam   &   Co 100  28.2 

Genesee  Hotel   100  28.1 

The  figures  given  are  for  maximum 

power  used  in  each  case.  Since  the 
maximum  in  the  various  plants  does 
not  occur  at  the  same  time,  the  result- 
ant maximum  at  the  power  house  is 

somewhat  less  than  their  sum.  At 
present  it  amounts  to  about  75,000 
estimated  H.  P. 


At  the  present  time,  4000  women 
are  employed  in  the  telephone  service 
of  the  German  Empire.  In  Berlin 
alone,  1000  women  are  engaged. 
These  positions  are  so  popular  that 
the  number  of  accepted  and  qualified 
women  whose  names  have  been  regis- 
tered in  the  order  in  which  they  were 
considered  is  so  large  as  to  supply  oc- 
cupants for  any  possible  vacancies 
that  may  result  in  the  course  of  the 
next  few  years.  Only  physically 
strong  girls  are  admitted  to  the  ser- 
vice. They  must  possess  a  good 
character  and  be  of  respectable  fami- 
lies. They  must  be  between  18  and 
30  years  of  age,  either  unmarried  girls 
or  widows  without  children. 


Electrolytic  Decomposition  of  Underground  Metals 


Causes,  Effects,  and  Remedies 


By  A.  A.  KNUDSON.  E.  E. 


THE  depreciation  of  valuable 
underground  metals  due  to 
corrosion  caused  by  electric 
railway  currents,  commonly  termed 
electrolysis,  continues  to  demand  the 
serious  attention  of  those  responsible 
for  the  safety  of  such  properties. 
Such  concern  is  but  natural,  for  when- 
ever a  cause  is  continuous  we  must 
expect  the  effect  to  be  also  continu- 
ous. 

In  this. case,  under  the  single-trolley 
system  with  its  "ground"  return,  a 
continuous  condition  is  created  which 
makes  the  effect — electrolysis — un- 
avoidable, as  it  happens  to  come 
under  the  well-established  law  of 
divided  circuits.  There  are,  however, 
many  different  phases  of  electrolytic 
action  upon  underground  metals, 
which  are  governed  entirely  by  local 
conditions  prevailing  in  each  city, 
town,  or  suburban  district.  Some  of 
these  phases  and  effects  will  be  men- 
tioned later. 

Depreciation  in  underground  met- 
als, caused  by  electrolysis,  cannot  be 
previously  estimated  upon  a  percent- 
age basis,  as  is  now  done  with  steam 
plants  and  other  machinery,  as  it  is 
practically  impossible  to  determine 
the  full  extent  of  damage  to  mains  or 
other  metals  in  a  given  time,  owing  to 
the  greatly  varying  conditions.  In 
the  case  of  cable  anchorages  of  sus- 
pension bridges,  for  instance,  which 
cannot  be  examined,  no  exact  knowl- 
edge of  the  extent  of  electrolytic  ac- 
tion upon  them  can  be  obtained, 
although  voltmeter  measurements  in- 
dicate that  they  are  being  damaged. 

It  is  true  that  appraisements  of 
damage  by  electrolysis  to  a  city's 
water  mains  or  to  a  gas  company's 
mains  are  often  made,  but  to  arrive  at 
a  fair  estimate  the  mains  must  be  un- 
covered at  a  number  of  places  and 
carefully  examined,  and  even  then 
many  points  of  damage  may  be  undis- 
covered, such  as  those  under  asphalt 
or  brick  pavements  which  it  is  not  de- 
sirable to  disturb.  This  silent  de- 
stroyer of  subjacent  metal  structures 
has  practically  a  free  rein  among  them 
twenty-four  hours  a  day,  in  varying 
force  according  as  the  electric  cars 
are  used  by  the  traveling  public.  This 
point  is  worthy  of  further  attention. 


It  has  been  found  by  electrical 
measurements  upon  water  and  gas 
mains,  taken  every  few  minutes 
through  the  twenty-four  hours,  that 
the  current  flow  through  such  mains 
corresponds  exactly  with  the  varying 
power  station  load,  in  the  rise  and  fall 
of  strength  at  the  same  periods  of  the 
twenty-four  hours;  for  instance,  the 
highest  peaks  of  current  strength  on 
a  main  are  usually  found  during  the 
so-called  rush  hours  of  travel  in  a  big 
city,  between  5  and  8  a.  m.,  or  be- 
tween 5  and  7  p.  m.,  when  the  cars  are 
heavily  loaded.  During  the  night 
and  small  hours  of  the  morning  this 
current  falls  off  to  a  very  small  de- 
gree; the  same  changes  of  load  at  the 
electric  railway  power  houses  occur  at 
exactly  these  same  periods  of  time. 

This  fact  is  mentioned  to  show  the 
complete  identification  of  the   source 


erned  by  the  condition  of  the  track 
circuit.  For  instance,  in  the  case  of 
heavy  rails,  double-bonded  at  the 
joints,  with  auxiliary  feeders,  a  much 
smaller  proportion  of  current  will  es- 
cape to  mains  than  in  the  case  of  light 
rails  with  few  or  no  bonds,  and  no 
auxiliaries. 

While  the  former  case  is,  of  course, 
more  preferable  than  the  latter,  it  is 
no  guarantee  of  immunity  from  elec- 
trolysis, for,  as  a  rule,  both  of  these 
conditions  prevail  in  the  same  city  or 
town,  the  better  construction  being 
placed  in  the  busy  streets,  and  the  dis- 
tant points  or  suburbs  being  usually 
left  with  anything  that  may  do.  There 
are  many  lines  operating  to-day  upon 
tracks  that  are  not  only  unbonded,  but 
have  neither  line  nor  return  feeders. 
In  such  cases  differences  of  potential 
between  tracks  and  mains  run  as  high 


FIG.    I.- 


-A   CORRODED   PIPE   END.      THE  INNER  EDGE  OF   THE   HUB   WAS    SO   SOFTENED    THAT 
IT    COULD   BE   CUT    WITH    A    PEN-KNIFE 


of  current  in  underground  mains,  and 
also  as  illustrating  how  closely  the  law 
of  divided  circuits  is  followed  under 
the  single-trolley  method  of  operating 
electric  cars. 

The  varying  strength  of  railway 
current  flowing  in  a  water  or  gas  main 
is  therefore  governed  by  the  current 
output  from  a  power  house,  while  the 
amount  of  such  current  is  largely  gov- 


as  25,  30,  or  50  volts,  indicating  the 
entry  of  considerable  current  into  the 
mains. 

The  worst  case  of  such  track  con- 
ditions discovered  by  the  writer  was 
where  the  maximum  readings  reached 
140  volts.  As  a  result,  the  water  main 
and  the  gas  main  in  the  street  were 
found  to  be  carrying  practically  all  of 
the  return  current  used  by  the  single 
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car  which  passed  over  the  line.  This, 
however,  is  an  exceptional  case,  but 
it  shows  an  inclination  to  neglect  the 
distant  points  in  railway  construction, 
when  such  points  should  have  just  as 
much  attention,  if  any  consideration 


FIG.   2. THE   SOFTENED  CONDITION   OF  THIS 

PIPE    END    IS    SHOWN    BY    THE    NAILS    DRIVEN 
INTO    IT 

is  given  to  the  preservation  of  under- 
ground mains  from  electrolysis,  as 
those  in  the  more  central  parts  of  a 
city,  for  it  is  at  these  distant  points 
that  most  of  the  current  enters  which 
is  found  in  the  mains. 

Various  metal  structures  other  than 
underground  pipes  which  may  lie  in 
the  path  of  the  trolley  current  are  af- 
fected by  electrolysis,  such  as  bridges, 
gas  holders,  subway  structures,  water 
meters,  and  others.  In  cases  where 
the  action  is  severe  and  rapid,  unless 
discovered  by  investigation,  the  result 
is  usually  announced  by  the  fracture 
of  service  pipes,  a  water  or  gas  main, 
or  by  the  giving  way  of  lead-covered 
underground  electric  cables.  But 
the  bursting  of  water  mains  is 
not  the  only  result  to  be  feared;  the 
effect  of  electrolysis  upon  a  large  part 
of  a  piping  system,  such  as  the  slower 
action  at  the  joints,  is  also  a  serious 
matter.  Each  joint  in  a  water  or  gas 
main  has  a  certain  electrical  resist- 
ance, and  a  current  in  passing  through 
a  main  encounters  one  of  these  re- 
sistances about  every  twelve  feet,  the 
result  being  a  more  or  less  pro- 
nounced eating-away  of  the  metal  at 
some  of  them  from  the  side  where  the 
current  leaves,  due  to  shunting 
through  the  clamp  soil,  or  through  the 
water  inside  in  the  case  of  a  water 
main. 

This  process  is  slower  than  in  cases 
where  the  current  passes  out  of  a 
main  at  right  angles.  In  the  latter 
case  the  destructive  effect  is  generally 
localized  in  one  or  more  spots  or  fur- 
rows and  the  main  is  punctured;  joint 
corrosion,  however,  is  important,  as  it 
means  a  shortening  of  the  life  of  a 
large  part  of  a  piping  system  and  is 
responsible  for  many  leaks,  the  dam- 
age being  proportional  to  the  mileage 
of  the  mains,  which  depends,  of 
course,  on  the  size  of  the  city. 

Figs.    2    and    3    are    reproductions 


from  photographs  of  a  16-inch  main, 
and  very  well  illustrate  the  effect  of 
trolley  current  passing  lengthwise 
through  the  main  and  its  action  at  the 
joints.  This  main  was  taken  up  owing 
to  a  change  inpumping  stations, a  new 
one  having  been  built.  When  removed 
from  the  ground,  it  was  discovered 
that  every  joint  in  the  1,000-foot 
length  taken  out  was  more  or  less 
damaged  at  the  spigot  side  only,  the 
flow  of  current  being  in  the  direction 
from  spigot  to  bell.  The  softened 
condition  of  the  iron  caused  by 
electrolysis,  to  a  depth  of  an  inch,  is 
shown  by  the  nails  driven  into  it. 
Fig.  1  shows  the  effect  where  the  cur- 
rent flow  was  in  the  reverse  direction, 
namely,  from  bell  to  spigot.  In  this 
case,  the  inside  edge  of  the  hub  was 
softened  and  was  cut  away  with  a  pen- 
knife. The  outside  edge  wTas  also 
affected  in  a  number  of  places.  In 
some   instances,   in   order  to   prevent 


viction  that  such  a  method  is  wrong 
in  principle  and  certainly  disastrous  to 
pipes  in  the  long  run. 

In  tracing  the  flow  of  trolley  cur- 
rents through  underground  mains  and 
ascertaining  points  of  exit  of  such 
currents — the  points  where  the  dam- 
age occurs — many  interesting  cases 
are  found.  In  one  case  damage  was 
suspected  on  a  48-inch  steel  force 
main  connecting  a  pumping  station 
with  a  reservoir,  the  main  passing 
about  8  miles  through  the  country 
and  furnishing  the  sole  water  supply 
for  a  city.  At  a  point  about  half-way 
between  the  pumping  station  and  the 
reservoir  a  single-track  suburban  trol- 
ley road  crossed  over  the  pipe  line. 
Fig.  5  shows  the  position  of  the  power 
house  of  the  trolley  line,  the  pumping 
station  and  reservoir,  with  the  dis- 
tances between  each.  Arrows  show 
the  direction  of  flow  of  the  returning 
current  on  this  and  other  mains. 


a 
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FIG.     4. DIAGRAM     SHOWING    THE    PATH     OF    TROLLEY     CURRENTS     FROM     BROOKLYN     TO 

MANHATTAN    AND  BACK  AGAIN  BY  WAY  OF  THE  TWO  EAST  RIVER  BRIDGES 


electrolysis  at  certain  locations  upon 
mains,  they  have  been  connected  by 
copper  wires  or  cables  to  the  tracks, 
or  track  returns.  This  largely  in- 
creases the  flow  of  current  through 
mains,  and  joint  damage  is  increased 
in  proportion. 

A  French  writer  on  the  subject  of 
electrolysis,  speaking  of  this  plan  of 
connecting:  mains  with  track  returns, 


FIG.  3. — ANOTHER  PIPE  END  SAMPLE,   SIMILAR 
TO  THE  ONE    SHOWN    IN   FIG.   2 

says  "that  such  a  method  should  be 
legally  forbidden,"  and  then  he  names 
the  same  reasons  which  have  here 
been  given.  Past  experiences  as  well 
as  recent  discoveries  lead  to  the  con- 


The  tracks  were  only  partly  bonded, 
and  there  were  no  auxiliary  feeders. 
A  portion  of  the  return  current  passed 
along  the  main  near  the  town,  be- 
ginning near  the  dead  end  at  F ., 
thence  flowing  south  (the  power  house 
is  north)  to  a  36-inch  distributing 
main,  thence  west  to  the  reservoir, 
and  to  the  steel  main,  thence  easterly 
to  where  the  main  crossed  under  the 
trolley  road,  and  there  most  of  it  was 
discovered  coming  out  under  the 
tracks  at  E. 

The  measurements  on  the  steel  main 
west  of  the  crossing  resulted  in  find- 
ing the  maximum  flow  of  current,  19.2 
amperes,  and  east  of  the  crossing, 
6.25  amperes,  leaving  13  amperes  to 
be  accounted  for.  Voltmeter  tests  in- 
dicated this  current  coming  out  of  the 
main  under  the  crossing.  The  main 
was  uncovered  and  the  results  are 
fairly  given  in  Fig.  6.  The  top  and 
sides  of  the  main  were  quite  badly  af- 
fected by  electrolysis.  The  bottom 
could  not  be  examined.  This  route 
of  the  trolley  current  and  the  damage 
discovered  will  give  some  idea  of  what 
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usually  happens  at  other  places  where 
the  conditions  are  similar. 

Probably  the  most  important  sec- 
tion of  the  city  of  New  York  where 
electrolysis  can  do  more  harm  to  un- 
derground metals  than  at  other  places, 
is  in  the  vicinity  of  the  two  large  sus- 
pension bridges  across  the  East 
River.  This  is  shown  in  Fig.  4.  In 
this  sketch  the  direction  of  return- 
ing railway  currents  from  one  of  the 
Brooklyn  railways  is  shown  by  ar- 
rows, and  it  will  be  seen  that  they 
cross  over  to  Manhattan  by  way  of 
the  older  bridge,  then  travel  along  by 
mains,  subways,  and  other  media 
back  to  Brooklyn  by  way  of  the  new 
bridge,  then  again  enter  various  un- 
derground mains  in  Brooklyn  and 
finally  again  reach  the  power  house. 
Before  the  new  bridge  was  com- 
menced, these  currents  returned  to 
Brooklyn  through  the  river  bed,  the 
larger  portion  near  the  section  op- 
posite the  power  house.  Some,  how- 
ever, '  spread  considerably  further 
north  before  again  crossing  the  river. 

Recently  a  cunent  measurement 
was  obtained  by  the  writer  upon  a  6- 
inch  pipe  on  the  Brooklyn  side  of  the 
new  bridge  in  connection  with  the 
structure,  and  a  flow  of  nearly  70 
amperes  was  found  coming  over  from 
the  Manhattan  side,  passing  directly 
into  the  mains  in  Brooklyn  on  the 
way  to  the  power  house.     This  pipe, 


FIG.  6. A  DETAIL  OF  FIG  5,   SHOWING  EFFECTS 

OF    ELECTROLYSIS 

however,  is  but  one  of  several  paths 
the  current  may  take,  and  must  rep- 
resent only  a  small  proportion  of  the 
entire  amount;  much  existing  under- 
ground ironwork  in  connection  with 
the  soil  becomes  convenient  for  col- 
lecting this  current  in  Manhattan, 
its  delivery  in  Brooklyn  being  by 
substantially  the  same  means.  It 
is  at  these  points  of  delivery  that 
the  danger  lies,  as  it  is  only  where 
the  current  leaves  a  metal  and 
passes  through  soil  or  water  that  elec- 
trolysis takes  place.  Such  danger 
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areas  are  at  the  Manhattan  side  of  the 
old  Brooklyn  Bridge,  and  the  Brook- 
lyn side  of  the  new  or  so-called  Wil- 
liamsburg Bridge.  The  Brooklyn 
power  house,  shown  in  Fig.  4,  known 
as  the  Kent  Avenue  power  house, 
therefore,  is  responsible  for  a  large 
amount  of  electricity  that  is  straying 
through  the  underground  mains  and 
other  metals  in  large  sections  of  both 


system  operating  on  Manhattan  Isl- 
is  through  135th  Street  to  the  Eighth 
Avenue  terminus.  A  survey  made  by 
the  writer  in  1897  disclosed  the  fact 
that  currents  from  that  line  were  pass- 
ing into  and  through  underground 
metals  for  over  a  mile  above  and  be- 
low 135th  Street. 

At  present  it  is  proposed  to  convert 
the  West  Street  horse  car  line,  run- 


Beservoir 
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Pumping  Stati, 


FIG.    5.- 


-DIAGRAM    OF    A     SUBURBAN     TROLLEY    LINE,    SHOWING    THE    PATH     OF    THE 
RETURN    CURRENT    ALONG    WATER    PIPES 


New  York  and  Brooklyn,  and  the  ef- 
fect of  the  stray  currents  has  often 
been  shown  in  the  destruction  of  water 
and  gas  mains  in  its  vicinity,  such  as 
at  the  United  States  Navy  Yard  and 
in  other  places. 

These  items  of  information  were 
gleaned  from  examinations  made  by 
the  writer  that  were  largely  superfi- 
cial, and  by  no  means  represent  all 
that  is  going  on  in  regard  to  elec- 
trolysis in  this  part  of  the  city. 
These  areas,  however,  are  by  no 
means  the  only  ones  where  damage  to 
underground  metals  is  to  be  feared, 
though  they  are,  no  doubt,  the  most 
important  in  view  of  the  costly  struc- 
tures located  within  their  limits. 

The  Borough  of  Manhattan  has 
been,  up  to  this  time,  practically  free 
from  electrolysis.  This  is  owing  to 
the  underground  double-trolley  sys- 
tem of  the  New  York  electric  street 
car  lines,  as  in  the  slotted  conduit 
both  conductors  are  insulated.  The 
elevated  roads  are,  as  is  well  known, 
operated  by  the  third-rail  system. 
The  other  rails  upon  which  the 
cars  run  carry  the  return,  but  the 
metal  structure  itself  is  used  as  an 
auxiliary  by  being  bonded  to  the 
rails  every  100  feet  and  the  sections 
of  the  structure  are  also  bonded 
together.  This,  of  course,  means  a 
connection  with  the  ground,  as  every 
pillar  is  grounded,  and  the  opportu- 
nity exists  for  more  or  less  straying 
of  currents  into  other  metals.  It  is 
probable,  however,  that  owing  to  the 
low  resistance  of  the  mass  of  metal 
composing  the  elevated  structure,  but 
little  diversion  of  the  current  into  un- 
derground mains  will  take  place. 

The    only    overhead    single-trolley 


ning  along  one  of  the  river  fronts  in 
New  York,  into  an  overhead  single- 
trolley  line,  instead  of  using  the  "open 
conduit"  system,  because  of  the  inter- 
ference with  such  a  system  by  the 
floods  to  which  West  Street  is  periodi- 
cally subjected.  Should  this  be  done 
and  the  line  be  operated  from  the 
present  power  house  on  the  East  Riv- 
er, we  may  look  for  the  return  cur- 
rents passing  through  underground 
metals  across  the  island  from  west  to 
east,  through  a  large  part  of  the  city. 
The  double  overhead  trolley  would 
avoid  this. 

After  this  brief  review  of  the  sub- 
ject, it  may  naturally  be  asked,  what 
is  the  remedy  for  electrolysis?  This 
question  is  practically  answered  at  the 
beginning  of  this  article,  where  it  was 
endeavored  to  show  that  with  the 
operation  of  single-trolley  roads  no 
complete  remedy  is  possible.  Such 
a  remedy  is  to  be  expected  only 
from  some  other  system  of  operation 
which  has  no  connection  with  the 
ground,  such  as  the  conduit  system 
so  successfully  used  in  Manhattan,  or 
the  double  overhead  trolley,  which  is 
in  use  in  some  places. 


Suit  has  been  brought  by  the  city 
of  Alexandria,  Ind.,  against  the  In- 
diana Traction  Company  for  damages 
claimed  to  have  been  caused  to  the 
city  water  mains  by  electrolysis  com- 
municated from  the  wires  of  the  trac- 
tion company.  If  the  suit  succeeds  it 
is  stated  that  the  gas  company  and 
private  individuals  whose  supply  pipes 
have  been  damaged  from  the  same 
cause  will  also  brins:  suit. 


IntervirbaLn  Electric  Tr©Lction   Systems 

Alternating  Cvirrervt  Versvis  Direct  Current 

By  PAUL   M.  LINCOLN 


Mr.  Lincoln's  admirable  discussion  of  the  points  of  difference  between  the  alternating-current  and 
the  direct-current  railway  systems  was  presented  first  before  the  Electrical  Section  of  the  Canadian 
Society  of  Civil  Engineers,  and,  while  subsequently  printed  in  several  of  the  electrical  publications, 
the  reproduction  of  it  in  the  following  pages  is  the  only  entirely  correct  one  which  has  thus  far 
appeared,  having  been  specially  revised  for  The  Electrical  Age  by  the  author,  who  has  further  con- 
tributed to  it  some  supplementary  remarks.  Probably  the  most  interesting  part  of  the  paper  is  that 
giving  the  direct  comparison  of  first  costs  in  an  assumed  case,  the  system  being  considered  equipped, 
in  one  instance,  with  alternating-current  motors,  and  in  the  other,  with  direct-current  motors. — The 
Editor. 


ELECTRIC  traction  is  peculiarly 
an  American  institution ;  that  is, 
it  has  found  its  widest  applica- 
tion in  American  communities  and  has 
been  developed  chiefly  by  American 
engineers.  In  America,  practically 
every  town  of  over  5000  inhabitants  is 
provided  with  an  electric  traction  sys- 
tem. In  other  parts  of  the  world  only 
the  larger  centers  of  population  are  so 
provided. 

Practically  all  the  traction  work  in 
America  has  been  done  by  direct  cur- 
rent. The  alternating-current  traction 
system,  although  it  has  received  con- 
siderable attention  from  American  en- 
gineers, has  not  until  recently  been 
favorably  thought  of  by  them.  In 
Europe,  on  the  other  hand,  the  alter- 
nating-current traction  problem  has 
received  much  attention.  The  poly- 
phase induction  motor  has  been  de- 
veloped by  European  engineers  for 
traction  purposes,  and  a  number  of  in- 
stallations have  been  made  in  Europe 
with  apparatus  of  this  character. 
American  engineers  have  consistently 
refused  to  adopt  the  polyphase  induc- 
tion motor  for  traction  purposes  on  the 
ground  that  it  is  not  suitable  for  these 
purposes.  The  principal  reasons  for 
this  stand  are  two  in  number : — 

I. — That  the  polyphase  induction 
motor  is  inherently  a  constant-speed 
motor  and  therefore  not  adapted  to 
traction  purposes.  Continual  change 
of  speed  is  one  of  the  characteristics 
of  traction  work.  The  direct-current 
series  motor  is  peculiarly  adapted  to 
this  class  of  work  because  it  is  inher- 
ently a  variable-speed  motor.  At  one 
definite  speed  the  polyphase  motor  is 
an  efficient  machine,  while  at  all  other 
speeds  the  efficiency  can  not  be  greater 
than  the  ratio  of  the  actual  speed  to 
the  synchronous  speed.  For  instance, 
if  the  actual  speed  at  which  a  given 
induction  motor  is  working-  is  10  per 
cent,  of  its  synchronous  speed,  the 
power  utilized  is  at  most  only  10  per 
cent,  of  the  power  put  in.  In  traction 
work  a  Jarge  part  of  the  work  done  is 
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necessarily  at  speeds  below  the  maxi- 
mum attained  and  at  these  lower 
speeds  the  maximum  economy  that 
can  be  obtained  from  induction  motors 
is  necessarily  small. 

One  expedient  used  by  European  en- 
gineers to  reduce  this  source  of  loss  is 
the  use  of  motors  in  concatenation  or 
in  tandem  ;  that  is,  the  secondary  of  one 
motor  is  fed  into  the  primary  of  an- 
other on  the  same  car.  If  the  pair  of 
motors  thus  concatenated  are  wound 
for  the  same  number  of  poles,  this  ex- 
pedient has  the  effect  of  making  the 
synchronous  speed  of  each  of  the  pair 
of  motors  one-half  that  which  it  is 
when  not  in  concatenation.  It  is 
equivalent  in  direct-current  practice  to 
throwing  two  shunt  motors  in  series. 

Up  to  the  half-speed  point,  there- 
fore, there  is  a  gain  of  economy  by  this 
airangement.  By  winding  the  two 
concatenated  motors  for  different 
numbers  of  poles,  more  than  one  point 
of  maximum  economy  can  be  secured 
between  zero  speed  and  full  speed,  but 
this  arrangement  has  the  disadvantage 
of  being  able  to  use  but  one-half  the 
total  motor  capacity  above  half  speed, 
while  the  greatest  expenditure  of  en- 
ergy takes  place  above  half  speed. 

In  order  to  secure  the  advantages 
of  concatenation,  however,  it  is  neces- 
sary to  add  largely  to  the  weight  of 
the  electrical  apparatus.  European 
practice  has  been  to  equip  cars  with 
four  motors,  two  main  motors  and  two 
others  which  are  used  only  while  the 
car  is  below  half  speed.  Above  half- 
speed  the  motors  are  running  idle, 
doing  no  useful  work.  The  energy  re- 
quired to  take  care  of  the  additional 
weight  is  an  offset  against  the  energy 
which  is  saved  by  concatenating  the 
motors.  For  long  runs  this  expedient 
would  probably  be  detrimental,  since 
the  energy  taken  up  to  transport  the 
extra  weight  would  be  more  than 
equivalent  to  the  energy  saved  at  the 
start. 

2. — The  second  reason  against  the 
use  of  polyphase  induction  motors  for 


traction  purposes  is  the  necessity  for 
providing  at  least  two  overhead  con- 
ductors. If  the  track  is  not  used  as 
one  of  the  conductors,  then  the  neces- 
sity arises  of  using  at  least  three  over- 
head conductors.  Maintenance  of  in- 
sulation on  such  overhead  conductors 
when  they  are  at  high  voltage  is  natur- 
ally a  difficult  problem,  much  more  dif- 
ficult than  to  maintain  the  insulation 
between  a  single  conductor  and 
ground,  as  would  be  the  case  in  the 
single-phase  system. 

American  engineers,  instead  of  en- 
deavoring to  adapt  the  unsuitable  in- 
duction motor  to  traction  purposes, 
have  devoted  their  energies  to  the  de- 
velopment of  a  suitable  alternating 
current  motor.  The  idea  of  using  a 
series  motor  operated  by  alternating- 
current  is  not  new.  The  only  alter- 
nating-current single-phase  motors 
which  have  a  characteristic  suitable 
for  electric  traction  purposes  are  those 
of  the  commutator  type.  In  no  other 
type  of  motor  are  the  speed  and  torque 
characteristics  such  as  to  be  suitable 
for  traction  purposes.  In  the  commu- 
tator type  alternating-current  motor 
the  speed  and  torque  characteristics 
are  practically  identical  with  the  cor- 
responding characteristics  in  the  di- 
rect-current series  motor. 

As  early  as  1893,  extensive  experi- 
ments were  made  by  the  Westinghouse 
Electric  &  Mfg.  Co.  on  this  class 
of  motors.  In  fact,  the  experiments 
went  so  far  as  to  equip  a  car  with  two 
motors  of  this  type  and  the  car  was 
put  into  actual  operation.  Moreover, 
the  frequency  and  voltage  for  which 
the  motors  were  designed  were  practi- 
cally the  same  as  those  for  which  the 
more  recent  motors  were  designed. 
These  early  motors  were  considerably 
smaller  in  capacity,  however,  and  the 
trolley  voltage  was  less.  Further,  the 
method  of  controlling  the  speed  was 
by  control  of  voltage. 

Although  the  early  motors  were  suc- 
cessful as  motors,  the  alternating-cur- 
rent   system    as    a    system    was    not 
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thought  at  that  time  of  sufficient  im- 
portance  to  continue  the  developments 
along  this  line.  In  other  words,  the 
time  was  not  yet  ripe  for  the  develop- 
ment of  this  system.  Interurban  elec- 
tric traction  work,  such  as  exists  to- 
day was  not  at  that  time  thought  of, 
and  this  is,  in  the  writer's  opinion,  the 
peculiar  field  for  the  alternating-cur- 
rent traction  system. 

In  considering  the  general  problem 
of  electric  traction,  the  question  natur- 
ally arises, — what  is  gained  by  the  use 
of  alternating  current  over  direct  cur- 
rent? And  the  converse  of  this  ques- 
tion also  naturally  arises, — what  is  it 
necessary  to  sacrifice  in  order  to  obtain 
the  benefit  of  alternating-current  trac- 
tion ?  An  analysis  of  the  advantages 
and  disadvantages  of  these  two  sys- 
tems may  be  of  interest.  Although 
many  of  the  following  points  have 
been  treated  in  previous  papers,  par- 
ticularly in  that  of  Mr.  B.  G.  Lamme 
before  the  American  Institute  of  Elec- 
trical Engineers,  in  September,  1903, 
it  is  hoped  that  the  reader  will  bear 
with  a  repetition  of  some  of  the  points 
mentioned. 

The  principal  advantages  of  the  al- 
ternating-current electric  traction  over 
the  direct-current  are, — 

I. — -Limits  to  trolley  voltage  are  re- 
moved. 

2. — Avoidance  of  rheostatic  losses. 

3. — No  necessity  for  rotary  con- 
verter sub-stations. 

4.— Manual  attendance  at  the  sub- 
stations done  away  with. 

5. — Danger  of  electrolysis  by  return 
current  avoided. 

Let  us  take  up  these  points  more  in 
detail : — 

1. — Voltage  Limit  Removed. — The 
greatest  item  of  cost  in  the  elec- 
trical equipment  of  interurban  trac- 
tion systems  as  they  exist  to-day 
is  that  of  secondary  distribution.  This 
item  of  cost  usually  varies  somewhere 
between  25  per  cent,  and  50  per  cent, 
of  the  total  for  electrical  equipment, 
and  is  usually  much  nearer  the  latter 
than  the  former.  Six  hundred  volts  at 
the  motor  in  a  direct-current  traction 
system  are  practically  the  limit  at 
which  present  designers  and  manufac- 
turers are  willing  to  guarantee  their 
operation  except  in  some  special  cases. 
This  necessarily  limits  the  voltage  fed 
into  the  secondary  distribution  system 
to,  say,  700  as  a  maximum.  The  con- 
sequence of  this  comparatively  low 
voltage  is  naturally  a  high  cost  for 
conductors  of  this  secondary  distribu- 
tion. The  alternating-current  system, 
providing,  as  it  does,  the  possibility  of 
greatly  increasing  the  voltage  of  the 
distributing  system,  thus  largely  cuts 
down  the  cost  of  the  latter. 

Another  point  to  which  attention 
should  here  be  called  and  which  mili- 


tates against  the  use  of  direct  current 
is  the  fact  that  when  large  units  are 
used,  it  is  difficult  to  collect  the  large 
amount  of  current  for  their  operation. 
For  tli i s  reason,  as  well  as  because  of 
lower  cost,  trolley  construction  has 
been  largely  replaced  by  the  third  rail 
for  interurban  work.  By  raising  the 
voltage  of  the  secondary  system,  the 
current  taken  by  a  locomotive  may  be 
reduced    and    consequently    the    diffi- 


runs  are  long,  the  rheostatic  loss  in 
the  direct-current  system  is  a  small 
proportion  of  the  total,  and  therefore 
under  these  conditions  this  advantage 
of  the  alternating-current  system  is 
not  so  greatly  marked.  With  short 
runs,  on  the  other  hand,  and,  conse- 
quently, frequent  starts,  the  rheostatic 
loss  with  the  direct-current  system 
amounts  to  a  considerably  greater  pro- 
portion of  the  total  loss,  and  the  alter- 
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FIG.    2. — RUN-CURVES    FOR    A    CAR   EQUIPPED    WITH    ALTERNATING- 
CURRENT    MOTORS 


culty  with  collecting  devices  may  be 
made  to  disappear. 

2. — Rheostatic  Losses  Avoided. — In 
the  direct-current  system  the  voltage 
at  the  car  is  practically  constant,  and 
while  the  counter  E.  M.  F.  of  the  mo- 
tors is  building  up,  the  excess  voltage 
must  be  taken  up  by  resistance.  At 
the  start,  therefore,  a  comparatively 
large  rheostatic  loss  occurs.  With  the 
alternating-current  system,  on  the 
other  hand,  the  voltage  at  the  car  may 
be  controlled  by  suitable  means  and 
the  rheostatic  loss  thus  avoided. 
When  stops  are  few  and  consequently 


nating-current    system    therefore    has 
the  greater  advantage. 

Figs.  1  and  2  show  K.  W.  curves 
for  a  car  equipped  in  one  case  with 
direct-current  motors  and  in  the  other 
with  alternating-current  motors.  The 
weight  of  the  direct-current  car  is  35 
tons  and  that  of  the  alternating-cur- 
rent car  is  about  18  per  cent,  greater. 
The  length  of  run  is  two  miles  in  each 
case,  and  the  schedule  speed  30  miles 
per  hour.  Were  it  not  for  the  saving  of 
rheostatic  loss  one  would  expect  that 
the  alternating-current  equipment, 
being  18  per  cent,  heavier,  would  take 
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18  per  cent,  more  power.  The  actual 
difference  in  the  areas  under  the 
curves,  however,  shows  about  io  per 
cent,  more  power  in  the  alternating 
current  than  the  direct  current,  on  ac- 
count of  avoiding  rheostatic  loss  in 
the  alternating-current  equipment.  If 
the  run  were  for  about  one  mile  in- 
stead of  two  miles,  the  consumption  of 
power  would  be  about  equal,  and  for 
runs  of  less  than  one  mile  the  alternat- 
ing current  power  consumption  would 
be  less. 

3. — Necessity  for  Rotary  Converters 
Avoided. — The  cost  of  sub-station 
equipment  constitutes  one  of  the  large 
items  in  the  cost  of  the  electrical  equip- 
ment of  an  interurban  road.  In  this 
sub-station  equipment  by  far  the  larg- 
est item  of  cost  is  the  rotary  convert- 
ers. In  the  alternating-current  equip- 
ment the  rotary  converter  has  no  place, 
thus  avoiding  not  only  a  large  item 
of  cost,  but  also  one  of  the  largest 
items  of  the  loss  of  power. 

4.  —  Attendance  at  Sub-Stations 
Done  Away  With. — The  direct-current 
rotary  being  a  piece  of  revolving  ma- 
chinery, of  course  requires  manual  at- 
tendance at  the  various  sub-stations. 
Alternating-current  sub-stations  con- 
sist of  static  transformers  only,  and 
therefore  require  attendance  only  for 
the  purpose  of  operating  the  switches. 
Making  the  switching  devices  entirely 
automatic  in  their  operation  avoids 
the  necessity  of  attendance  for  this 
purpose.  A  still  further  refinement  is 
the  use  of  distant  controlled  switches 
operated  from  a  central  point,  say  the 
main  power  house.  Electrically  oper- 
ated switches  have  already  been  de- 
veloped, to  be  operated  from  a  dis- 
tance of  several  hundred  feet,  and  no 
reason  exists  why  this  distance  of  oper- 
ation cannot  be  extended  to  20  or  30 
miles  by  proper  design.  By  including 
in  such  a  switch-operating  mechanism 
also  a  signalling  device,  by  which  the 
position  of  the  switch  is  made  known 
at  the  central  point,  the  switch-operat- 
ing system  becomes  complete  and  no 
necessity  exists  for  attendance  at  the 
alternating-current  sub-stations  for 
any  purpose  except  occasional  inspec- 
tion. There  is,  of  course,  an  expense 
in  connection  with  installing  such  a 
system  of  operating  switches  elec- 
trically, but  it  bears  no  comparison  to 
the  expense  of  manual  attendance. 

5.  —  Electrolysis.  —  Electrolysis  of 
parallel  conducting  systems  is  gener- 
ally recognized  as  one  of  the  most 
serious  dangers  in  connection  with 
present  direct-current  trolley  systems, 
and  the  fact  that  an  alternating-current 
system  avoids  this  danger  entirely 
need  only  be  mentioned  in  order  to  be 
recognized  as  a  marked  advantage. 

So  much  for  the  advantages  which 
accrue  to  the  alternating-current  sys- 


tem. Now  the  question  arises, — what 
points  must  be  sacrificed  in  order  to 
obtain  these  advantages  ?  The  disad- 
vantages which  necessarily  accompany 
the  use  of  the  alternating-current  trac- 
tion system  are: — ■ 

I. — Additional  weight. 

2. — Difficulty  of  operating  on  exist- 
ing lines. 

3. — Increased  rail  loss. 

4. — The  fact  that  an  active  E.  M.  F. 
exists  between  field  turns. 

5. — Possible  interference  with  tele- 
phones. 

The  writer  will  take  up  the  above 
points  in  detail. 

1. — Additional  Weight. — An  alter- 
nating-current motor  of  a  given  ca- 
pacity is  necessarily  somewhat  heavier 
and  somewhat  more  expensive  than  a 
direct-current  motor  for  the  same  ca- 
pacity. This  difference  in  the  motor, 
however,  does  not  constitute  the  total 
difference  in  weights  of  equipment.  In 
order  to  make  use  of  the  advantages 
of  high  trolley  voltage  the  alternating 
current  equipment  should  preferably 
be  provided  with  a  step-down  trans- 
former on  the  car.  Also,  in  order  to 
obtain  the  advantages  of  avoiding  the 
rheostatic  losses,  some  provision  must 
be  made  for  controlling  the  voltage  on 
the  car.  The  transformer,  the  volt- 
age control  apparatus,  and  the  greater 
weight  of  motors  make  the  alternating- 
current  equipment  necessarily  heavier 
than  the  direct  current.  Although  this 
difference  need  not,  and  in  many  cases 
will  not,  be  as  great  as  in  the  example 
already  cited  (18  per  cent.),  still  a  dif- 
ference in  weight  will  always  exist  and 
will  be  detrimental  to  the  alternating- 
current  equipment.  This  greater 
weight  of  the  alternating-current 
equipment  is  one  of  the  items  on  the 
debit  side  of  the  ledger. 

(  )ne  of  the  most  attractive  methods 
for  controlling  the  voltage  on  the  mo- 
tors is  the  use  of  an  induction  regu- 
lator. The  principal  advantage  over 
other  forms  is  that  it  does  not  require 
the  interruption  of  the  current  and  is, 
therefore,  of  particular  advantage  in 
large  equipments.  It  is  this  problem 
of  breaking  the  current  tnat  forms  not 
only  the  greatest  difficulty  with  direct- 
current  equipments  of  large  capacity 
but  also  one  of  the  largest  items  in  the 
deterioration  account. 

The  induction  regulator,  however, 
has  the  disadvantage  of  adding  consid- 
erably to  the  weight,  and,  in  equip- 
ments of  comparatively  small  size, 
where  the  difficultv  of  current  inter- 
ruption is  not  great,  it  will  probably 
be  replaced  by  some  other  method  of 
voltage  control,  such  as  loops  or  corn- 
mutated  coils  on  the  step-down  car 
transformers. 

2. — Difficultv  of  Operating  on  Ex- 
isting- Lines. — Praeticallv  all   interur- 


ban roads  run  in  and  through  cities  on 
existing  tracks,  and  therefore  must  use 
the  existing  sources  of  direct-current 
power.  In  order  to  meet  this  condi- 
tion the  equipment  for  an  alternating- 
current  interurban  road  must  be  so  ar- 
ranged as  to  operate  on  alternating- 
current  outside  the  city  and  on  direct- 
current  inside.  Although  this  is  en- 
tirely possible,  it  must  necessarily 
prove  to  be  a  matter  of  considerable 
complication. 

It  means,  in  the  first  place,  the  use 
of  motors  which  can  be  operated  from 
both  direct  and  alternating  current. 
This  is  entirely  possible  with  the  series 
alternating-current  motor.  It  means, 
in  the  second  place,  that  another  sys- 
tem of  control  must  be  added  to  the 
car.  This  objection  might,  in  part,  be 
avoided  by  using  rheostatic  control  for 
both  the  alternating-current  and  di- 
rect-current conditions,  but  there 
would  be  the  objection  that  this 
method  would  deprive  the  alternat- 
ing-current system  of  its  advantages 
of  saving  rheostatic  losses. 

Further,  means  will  have  to  be  pro- 
vided for  disconnecting  all  transform- 
ers when  running  from  the  direct-cur- 
rent system  and  reconnecting  them 
when  running  from  the  alternating- 
current  system.  All  these  things,  al- 
though they  mean  a  considerable 
amount  of  complication,  can  be  accom- 
plished. The  most  important  part  of 
the  equipment, — the  motors — can  lie 
operated  from  direct  as  well  as  alter- 
nating current. 

3. — Increased  Rail  Loss. — Experi- 
ments have  shown  that  with  alternat- 
ing current  of  2000  to  3000  alterna- 
tions, the  actual  loss  which  takes  place 
with  a  given  current  through  the  iron 
rails  is  from  three  to  five  times  that 
which  the  same  direct  current  would 
give.  The  higher  ratios  of  loss  hold 
for  the  higher  frequencies.  At  first 
thought  this  seems  to  be  an  important 
objection  to  the  alternating-current 
system.  But  when  it  is  considered  that 
in  order  to  utilize  the  main  benefit  of 
the  alternating  current,  a  higher  trol- 
ley voltage  is  used  and,  therefore, 
smaller  currents  in  the  return  con- 
ductor, the  element  of  rail  loss  in  an 
alternating-current  proposition  may  be 
made  even  a  smaller  proportion  of  the 
total  than  in  the  direct  current,  in  spite 
of  this  apparently  large  handicap. 
The  rail  loss  with  direct  current  is 
usually  a  small  proportion  of  the  total 
and  this  with  alternating  current,  at 
the  trollev  voltages  which  are  usually 
considered,  namelv,  2000  to  5000,  be- 
comes a  much  smaller  proportion. 

4. — Active  E.  M.  F.  Between  Field 
Turns. — The  space  that  can  be  as- 
signed to  the  motor  for  operating  a 
car  is  necessarily  limited.  It  is  this 
limitation  of  space,  in  fact,  which  often 
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forces  the  use  of  a  four-motor  equip- 
ment instead  of  a-  two-motor  equip- 
ment, the  available  space  not  being 
large  enough  to  allow  the  installation 
of  large  enough  motors  to  make  two  of 
them  sufficient  for  the  work.  When 
we  consider  the  alternating-current 
motor  the  question  of  space  available 
becomes  still  more  exacting,  first  be- 
cause the  alternating-current  motor  is 
necessarily  heavier  and  therefore  oc- 
cupies more  space  than  an  equivalent 
direct-current  motor ;  and,  second,  be- 
cause of  the  active  E.  M .  F.  that  exists 
between  the  field  turns  in  the  alternat- 
ing-current motor,  and  which,  other 
things  being  equal,  again  requires 
additional  space  for  insulation. 

In  the  matter  of  E.  M.  F.  between 
field  turns,  the  alternating-current  and 
direct-current  motors  are  quite  differ- 
ent. The  E.  M.  F.  between  the  field 
turns  of  a  direct-current  motor  is  due 
simply  to  ohmic  resistance,  and  a 
short  circuit  between  turns  simply 
throws  out  of  action  the  trims  so 
short-circuited,  and,  if  not  too  severe, 
does  not  interfere  seriously  with  the 
motor's  operation. 

Between  the  field  turns  of  the  alter- 
nating-current motor,  on  the  other 
hand,  there  is  an  active  E.  M.  F.  simi- 
lar to  that  between  the  turns  of  a  trans- 
former winding.  A  short-circuit  be- 
tween field  turns  in  an  alternating-cur- 
rent motor,  therefore,  means  a  destruc- 
tive short  circuit  and  an  immediate  in- 
terruption of  service  from  that  motor. 
In  other  words,  the  effect  of  a  short- 
circuit  between  field  turns  in  an  alter- 
nating-current motor  has  the  same  ef- 
fect that  a  short-circuit  between  arma- 
ture turns  would  have  in  either  the 
alternating-current  or  direct-current 
motors. 

Roasting  out  of  field  coils  is  one  of 
the  most  frequent  causes  of  trouble  in 
direct-current  motor  equipments,  and 
it  is  readily  realized  that  this  matter  of 
active  E.  M.  F.  between  field  turns  in 
the  alternating-current  motor  is  a 
serious  one.  As  an  offset  against  this 
disadvantage  of  an  active  E.  M.  F.  be- 
tween field  turns,  the  alternating-cur- 
rent motor  possesses  the  advantage  of 
being  capable  of  operation  at  low  volt- 
age, thereby  reducing-  the  number  of 
turns  on  the  series  field  and  increasing 
the  proportionate  space  for  insulation. 
The  use  of  a  step-down  transformer 
on  the  car  makes  available  any  desired 
voltage  at  the  motor.  This  existence 
of  an_  active  E.  M.  F.  between  field 
turns  is  the  most  serious  obstacle  to  the 
use  of  a  high  voltage  on  the  motor. 
Even  with  low  voltage,  the  alternating- 
current  motor  is  laboring  against  the 
handicap  of  occupying  more  space 
than  an  equivalent  direct-current  mo- 
tor, and  the  use  of  high  voltage  still 
further  increases  this  handicap.     The 


limitations  of  space  do  not  apply  to  the 
transformer  in  anything  like  the  same 
degree  that  they  do  to  the  motor,  and 
no  particular  difficulty  is  anticipated  in 
building  a  transformer  for  this  work. 
This  limitation  of  available  space 
for  the  motor  and  the  existence  of  an 
active  E.  M.  F.  between  field  turns 
makes  it  seem  probable  to  the  writer 
that  the  alternating-current  railway 
motor  of  the  future  will  be  operated 
at  low  voltage  and  will  receive  its  cur- 
rent from  a  transformer  situated  on 
the  car. 

5. — Interference  with  Telephones. — 
It  is  a  question  whether  alternating 
current  in  the  rails  will  interfere  with 
telephones  and  similar  instruments 
more  than  the  direct  current,  with 
which  they  have  to  contend  at  present. 
In  any  event,  the  amount  of  current  in 
the  rails  can  be  reduced  by  the  use  of 
higher  voltages  so  that  this  source  of 
interference  can  be  made  less  than  it 
is  with  the  present  direct-current  sys- 
tem. Further,  means  have  been  pro- 
posed whereby  the  current  can  be  con- 
fined entirely  to  separate  conductors 
provided  for  the  purpose  and  not  al- 
lowed to  wander  at  will  through  any 
return  circuit  that  may  exist,  as  is  the 
case  with  the  direct-current  system. 
This  can  be  done,  of  course,  only  at 
the  expense  of  erecting  a  separate  sys- 
tem for  the  return  currents  and  a  sys- 
tem of  series  transformers  whereby 
tnese  currents  can  be  confined  to  this 
return  system.  The  alternatingf-cur- 
rent  system  therefore  possesses  the  ad- 
vantage of  being  able  to  use  the  rails 
for  contact  and  still  not  allowing  the 
alternating  currents  to  escape  at  will 
through  the  earth.  As  a  matter  of 
fact,  interference  with  other  circuits 
by  the  alternating-current  system  is 
expected  to  be  less  than  with  the  pres- 
ent direct-current  system. 

The  engineer  has  been  defined  as  a 
man  who  could  do  for  one  dollar  what 
any  fool  could  do  for  two.  The  engi- 
neer, in  other  words,  stands  for  effi- 
ciency. It  is  he  who  accomplishes  a 
given  result  with  a  minimum  expendi- 
ture of  effort  and  money.  Suppose  we 
apply  this  criterion  to  the  comparison 
•between  the  alternating-current  and 
direct-current  systems.  By  which  of 
these  systems  can  a  given  service  be 
rendered  most  economically?  In  or- 
der to  answer  this  question,  we  shall 
assume  a  certain  typical  interurban 
road,  ascertain  the  first  cost  by  both 
systems,  and  the  cost  of  operating  by 
both  systems,  and  compare  the  results. 
Suppose  the  typical  road  which  we  will 
assume  to  be  as  follows  : — 

Length,  60  miles  ;  schedule  speed.  30 
miles  per  hour.  Cars  running  half  an 
hour  apart. 

Number  of  stops,  30 — that  is,  typical 
run,  two  miles  lonq-.    Weight  of  direct- 


current  car.  complete,  35  tons ;  weight 
of  alternating-current  car,  complete, 
4 [.3  tons. 

It  may  be  noted  here  that  the  above 
difference  in  weight  is  not  the  mini- 
mum that  can  be  obtained.  A  large 
part  of  the  difference  in  weight  comes, 
as  previously  stated,  in  the  induction 
regulator,  with  which  it  is  assumed 
the  alternatine-current  car  is  equipped. 
Other  methods  of  voltage  control  can 
be  applied  which  would  be  consider- 
ably lighter,  but  the  induction  regu- 
lator is  selected  on  account  of  the  ad- 
vantages previously  mentioned.  The 
alternating-current  system  is,  there- 
fore, working  under  a  handicap  which 
is  greater  than  would  be  the  case  if 
some  other  method  of  control  were 
assumed. 

Fig.  1  shows  the  speed,  time  and  K. 
W.  hours  curve  of  a  direct-current  car 
of  35  tons  over  the  typical  run  of  two 
miles. 

Fig.  2  shows  the  same  for  an  alter- 
nating-current typical  run  and  in  ad- 
dition gives  also  the  apparent  kilowatt 
and  power  factor.  It  will  be  noted 
that  the  difference  in  power  at  the 
car  is  only  10  per  cent,  in  favor  of  the 
direct-current  equipment,  in  spite  of 
the  fact  that  the  difference  in  weight 
is  18  per  cent,  in  favor  of  the  direct 
current,  the  weight  of  the  alternating- 
current  motor  car  being  41.3  tons. 

The  location  of  the  power  house  is 
assumed  in  both  cases  to  be  on  the  line 
of  the  road,  midway  between  the  ter- 
mini. 

In  each  case,  also,  one  of  the  sub- 
stations is  located  in  the  power  house. 
In  the  alternating-current  proposition 
the  generators  are  wound  for  trolley 
voltage  (3000  volts)  and  feed  directly 
into  the  trolley  wire.  In  each  case, 
also,  there  are  supposed  to  be  four 
feeding  points  beside  the  power  house, 
thus  making  the  sub-stations  12  miles 
apart  in  both  cases. 

Further,  in  both  cases  the  secondary 
system  is  a  single  network,  thus  gain- 
ing the  advantage  of  two  feeding 
points  except  beyond  the  end  sub-sta- 
tions. In  neither  system  are  secon- 
dary feeders  figured  on,  the  alternating 
current  being  simply  a  No.  0000  trol- 
ley wire  throughout,  and  the  direct 
current  a  60-pound  conductor  rail.  In 
the  direct-current  system  the  high-ten- 
sion line  is  supposed  to  be  along  the 
right  of  way  of  the  road  and  the  high- 
tension  poles  are  utilized  for  support- 
ing the  trolley  wire  with  a  bracket 
construction. 

Recognition  of  the  fact  that  the  al- 
ternating-current car  is  the  heavier 
and  requires  more  energy,  is  made  and 
larger  motors  than  on  the  direct-cur- 
rent car  are  estimated  on.  In  the  di- 
rect-current proposition  the  gener- 
ators, transmission  line,  etc.,  are  sup- 
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posed  to  be  three-phase,  naturally 
making  necessary  smaller  transform- 
ers than  in  the  single-phase  system. 

The  annexed  parallel  columns  give 
complete  comparisons  of  the  power 
consumption,  the  losses  in  the  various 
transmissions  and  transformations,  the 
first  cost  of  the  apparatus  used  and  an 
estimate  of  the  operating  expenses. 
The  conditions  are  taken  as  nearly  as 
possible  like  those  in  the  typical  road. 
Location  will,  of  course,  make  differ- 
ences in  many  of  the  items  considered, 
but  especial  care  has  been  used  in  esti- 
mating those  items  in  which  the  two 
systems  present  a  difference. 

First  Cost. — In  the  first  cost  of  the 
two  systems  above  compared,  no  al- 
lowance is  made  for  the  fact  that  the 
alternating-current  system  requires 
less  energy  at  the  power  house,  and 
therefore  will  economize  to  a  consid- 
erable extent  in  both  engines  and  boil- 
ers. On  account  of  the  greater  ap- 
parent kilowatts  for  the  alternating- 
current  system,  generators  and  trans- 
formers will  be  larger  in  capacity,  but 
the  engines  and  boilers  need  not  be 
so  great  in  capacity.  So  far  as  trans- 
formers are  concerned,  the  alternat- 
ing-current system  has  the  advantage, 
because  it  allows  the  use  of  consider- 
ably larger  units  than  the  direct-cur- 
rent, with  which  three-phase  transmis- 
sion is  necessary  instead  of  single- 
phase,  as  is  the  case  in  alternating- 
current  system.  The  alternating-cur- 
rent switchboards  also  have  the  ad- 
vantage in  that  only  two  switches  per 
panel  are  required  instead  of  three. 

To  render  a  given  service  over  a 
high-tension  line,  more  copper  is  re- 
quired for  a  single-phase  line  than  for 
a  three-phase  line,  and  this  makes  the 
copper  for  the  alternating-current  svs- 
tem  somewhat  more  expensive  than 
for  the  direct-current  system.  The 
largest  difference,  however,  in  the 
high-tension  line  items  comes  from 
the  fact  that  the  poles  for  the  high- 
tension  line  are  spaced  sufficiently 
close  to  allow  the  trolley  brackets  to 
be  supported  from  the  same  poles.  In 
the  direct-current  system,  the  spacing 
need  be  only  sufficient  for  the  require- 
ments of  the  high-tension  line  alone. 

So  far  as  sub-station  transformers 
are  concerned,  the  alternating-current 
system  has  the  advantage  of  single- 
phase  over  three-phase,  in  that  larger 
units  are  used.  By  far  the  largest 
item  of  saving  in  sub-station  equip- 
ment between  the  two  systems  is  of 
course  in  the  omission  of  rotary  con- 
verters in  the  alternating-current  sys- 
tem. 

The  greatest  difference  in  first  cost 
of  the  two  systems  is  of  course  the 
great  difference  in  the  cost  of  the  sec- 
ondary  net-work.     A    glance   at   the 
comparative  values  will  show  that  this 


DIRECT-CURRENT   RAILWAY   SYSTEM.    ALTERNATING-CURRENT   RAILWAY    SYSTEM, 

POWER  REQUIREMENTS. 


Average   K.W.   at    car   in   typical   2-mile 

run   (fig.   1) 67.2  K.W. 

No.   cars  running  at  one  time 8 

No.  sub-stations  6 

Average   No.   cars   per   sub-station 1.6 

Mean  2  amps,  per  car 185.3 

Mean  2  amps,  per  sub-station  =  m 279.0 

With  sub-stations  12  miles  apart,  80  lbs. 
track  rail  and  60  lb.  3rd  rail  resist- 
ance between   adjacent  sub-stations  is 

=  r.  0.9  ohms 

D.C.  line  loss  per  sub-station, 
rm2 

—  =  16.1  K.W. 

6 
Average    K.W.    per    sub-station    at    cars 

=  67.2  x  1.6  =  107.5 
Average    K.W.    per    sub-station    at    sub- 
station     123.6  K.W. 

Per  cent  loss  in  3rd  rail 15.5% 

Per  cent  loss  in  step-down  transformers.     3.5% 

Per  cent  loss  in  rotaries 10    % 

Per  cent  loss  in  high-tension  line 2.5% 

Per  cent  loss   in   step-up  transformers..     3.5% 
Total  percentage  loss  from  cars  to  P.H.  39.5% 
Average   K.W.    consumed    by   8   cars   at 
the    cars    537     K.W. 

Average  K.W.  at  power  house  for  8  cars.750      K.W. 

Max.  load  per  sub-station — worst  condi- 
tion 2  cars  starting   560      K.W. 

One  400  K.W.  rotary  will  take  care  of 
this  40%  overload. 

Average  load  on  rotary 30% 

Rotary  sub-stations  are  of  sufficient  size 
so  that  one  can  be  cut  out  tempo- 
rarily. 

Max.  load  on  power  house,  say 1200    K.W. 

Can  be  taken  care  of  with  three  400- 
K.W.  generators — one  for  spare. 


Average    real    K.W.    at    car    in    typical 

2-mile    run     (Fig.    2) 73.9  K.W. 

No.  cars  running  at  one  time 8 

No.  sub-stations   5 

Average  No.  cars  per  sub-station 1.6 

Mean  2  aoparent  K.W.  per  car 129.0 

Mean  2  amps,  per  car  (3,000  volts) 43.0 

Mean  2  amps,  per  sub-station  ;=  m 68.8 

With  sub-stations  12  miles  apart  80  lbs. 
track  rail  and  No.  0000  trolley  resist- 
ance   between     sub-stations,     allowing 

for  increased  rail  resistance 4.2  olimi 

Trolley  and  rail  loss  per  sub-station, 
rm2 


Average    real 

cars  =  73.9 

Average    real 


3.32  K.W. 

K.W.    per    sub-station    at 

x  1.6  =  118.0 

K.W.    per    sub-station    at 

sub-station   121.32  K.W. 

Per  cent  loss  in  regulator  and  car  trans- 
former         5.0% 

Per  cent  loss  in  trolley  and  rails 2.8% 

Per  cent  loss  in  step-down  transformers.     3.5% 

Per  cent  loss  in  high-tension  line 2.5% 

Per  cent  loss  in   step-up  transformers..     3.5% 
Total  percentage  loss   18.4% 

Average  real  K.W.  consumed  by  8  cars 
at   the   cars    591      K.W. 

Average  real  K.W.  at  power  house  for 
8  cars  700      K.W. 

Average  apparent  K.W.  at  power  house, 
about ..825      K.W. 

Max.  load  per  sub-station — worst  condi- 
tion, 2  cars  starting  (say  275  apparent 
K.W.    each)    550      K.W. 

One  350-K.W.  transformer  will  take  care 
of  this  with  50%  overload. 

Average  load  on  sub-station,  about 40% 

These  transformers  are  sufficiently  large 
to  take  care  of  road  if  one  is  cut  out. 

Max.  load  on  power  house  in  apparent 
K.W.,  say 1400    K.W. 

Can  be  taken  care  of  with  three  450- 
K.W.   Generators — one  for   spare. 


Seven     150-K.W. 
spare. 


STEP-UP   TRANSFORMERS. 

transformers— 1      for  Three  400-K.W.  transformers — Load  can  be  carried 

by  2  in  case  of  emergency. 

HIGH-TENSION  LINE. 


One  No.  6  B.  &  S.  gauge  line  each  way 
from  power  house  20,000-volt,  3-ph. 

Max.  loss,  about   8.25% 

Aver,  loss,  about  2.50% 


One    No.    3    B.    &    S.    gauge    line    each  way    from 
power  house,  20,000-volt,  2-ph. 

Max.  loss,  about   8.2% 

Aver,   loss,   about    2.7% 


SUB-STATION    EQUIPMENT. 


Five  sub-stations  in  all — one  in  power  house. 
Each  of  four  sub-stations  to  contain: 

Three    135-K.W.    step-down    transformers. 

One  400-K.W.  rotary  converter. 

Switchboard. 

Step-down   transformers   omitted   in   power  house 
sub-station. 


4  sub-stations — power  house  feeds  directly  into  300- 

volt  trolley. 
Each   sub-station   to   contain: 

One    350-K.W.    transformer. 

Switchboard. 


LOW-TENSION    DISTRIBUTING    SYSTEM. 


Entire   length    of   track    equipped    with    60-lb.    con- 
ductor rail. 


Entire    length    of    track    equipped 
B.  &  S.  gauge  trolley. 


with    No.    0000 


CAR   EQUIPMENTS. 
Each  car  equipped  with  two  150-H.P.,  D.C.  railway        Each  car  equipped  with  two  165-H.P.,  A.C.  railway 
motors    and     multiple-control    apparatus     com-  motors     and    multiple-control     apparatus     com- 

plete, plete. 

ESTIMATED    FIRST   COST   OF   ELECTRICAL   EQUIPMENT. 
POWER  STATION: 


Three  400-K.W.  25-cycle,  360-volt,  3-ph., 
A.C.  gens.,  at  $6,500  each 

Seven  150-K.W.,  350  to  20,000-volt,  self- 
cooling,  oil-insulated  trans.,  25-cycle, 
at  $1,225  

Switchboard    


Three  450-K.W.,  25-cycle,  3000-volt,  1-ph., 

$19,500  2000-alt.  gens.,  at  $7,000  each 

Three  400-K.W.,  17-cycle,  3000  to  20,000- 
volt,  O.I.S.C.  trans.,  at  $2,500 

8,575 

4,500        Switchboard    


$21,000 
7,500 
3,800 


48  miles  of  20,000-volt,  3-ph.  transmis- 
sion line — No.  6  B.  &  S.  gauge  con- 
ductors,  at  $900  per  mile 

Lightning   protection    


$32,575 
HIGH-TENSION  LINE. 

48    miles    of    20,000-volt,    1-ph.    transmis- 
sion line — No.  3  B.   &  S.   gauge  con- 

$43,200  ductors,  at  $1,200  per  mile  

2,500        Lightning    protection     


12  135-K.W.,  20,000  and  360-volt,  25-cycle, 
O.I.S.C.   transformers,   at  $1,175   each. 

5  400-K.W.,  600-volt,  25-cycle  rotary  con- 
verters, at  $5,200  each 

5   switchboards   at  $2,800  each 


$45,700 
SUB-STATIONS. 

4  350-K.W.,    2000-alt.,    2000   to    3000-volt, 
$14,100            O.I.S.C.  transformers,  at  $2,200  each... 

5  switchboards,  at  $1,500  each 

26,000        Auxiliary    signaling   lines   for   operating 
14,000  sub-station  switches   


$54,100 
LOW-TENSION  DISTRIBUTION  SYSTEM. 


63    miles    of    60-lb.    conducting    rail,    at 
$2,500  per  mile,  installed  

Bonding   main    track — 63   miles,    at 
per   mile    


$157,500 
25,200 

$182,700 


63  miles  of  No.  0000  trolley  wire  in 
place,  at  $900  per  mile   

Bonding  main  track  63  miles,  at  $400  per 
mile  

15  miles  of  pole  construction,  not  in- 
cluding H.P.  lines,  at  $630  per  mile.. 


$32,300 


$57,600 
2,000 

$59,600 


$8,800 
7,500 

7,500 

$23,800 


$56,700 

25,200 

9,400 

$91,300 
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DIRECT-CURRENT  RAILWAY  SYSTEM. 


ALTERNATING-CURRENT    RAILWAY 
SYSTEM. 


CAR  EQUIPMENT. 


12  D.C.  car  equipments  complete,  con- 
sisting of  2  No.  50-C.  motors,  with 
multiple-control  outfit,  heaters  and 
contact  shoes,  at  $5,217  each 


$62,604 


Total  first  cost  electrical  equipment.        $377,179 


12  A.C.  car  equipments  complete,  con- 
sisting of  2  165-H.P.  motors,  with  mul- 
tiple-control outfit,  heaters  and  trol- 
ley, at  $8,482  each 

Total  first  cost  electrical  equipment. 


ESTIMATE  OF  YEARLY  OPERATING  EXPENSES. 


5   men   at   power   house — 2   shifts,   aver. 

wage  $900  per  year 

1  man  at  each  of  4  sub-stations — 2  shifts 

— at  $900  per  year  each  

Fuel,  water,  oil,  etc.,  at  %c.  per  K.W.- 

hour,  4,890,000  K.W.  hp 

Repairs     and     maintenance     of     power 

house  (3%  of  cost  per  year) 

Repairs   and   maintenance   of   H.T.    line 

(5%  of  cost  per  year)   

Repairs  and  maintenance  of  3rd  rail  (1% 

of  cost  per  year)    

Repairs  and  maintenance  of  car  equip- 
ments (12%  of  cost  per  year) 


$9,000 
7,200 

24,450 

971 

2,285 

1,822 

7,512 


Total  yearly   operating   expenses 


difference  in  the  case  considered 
amounts  to  nearly  $100,000,  and  is 
therefore  nearly  30  per  cent,  of  the 
total  cost  of  the  direct-current  system. 

In  first  cost  the  alternating-current 
car  equipments  are,  of  course,  con- 
siderably higher  than  the  direct-cur- 
rent equipments.  But  the  writer 
would  call  attention  to  the  fact  that 
the  costs  of  the  alternating-current 
car  equipment  include  an  induction 
regulator.  If  some  other  style  of  reg- 
ulator, such  as,  for  instance,  loops  on 
the  car  transformers,  had  been  figured 
upon,  the  cost  of  the  alternating 
current  car  equipments  might  have 
been  diminished  by  something  like  6 
per  cent.,  that  is,  something  over 
$6,000.  The  saving  in  weight  by  the 
same  change  and  the  consequent  sav- 
ing of  power  in  the  alternating-cur- 
rent system  would  amount  to  nearly 
4  per  cent,  of  that  which  has  been 
figured  upon.  In  the  item  of  mainte- 
nance of  the  control  apparatus,  how- 
ever, it  is  believed  that  the  induction 
regulator  has  the  advantage  in  that 
it  is  not  necessary  to  break  the  current 
in  going  from  step  to  step. 

The  alternating-current  system 
throughout  is  figured  on  the  basis  of 
using  a  frequency  of  2,000  alterna- 
tions per  minute.  This  frequency 
could  be  increased  to,  say,  3,000  alter- 
nations per  minute  at  the  expense  of, 
first,  a  considerably  decreased  power 
factor  and  consequently  increased  ap- 
parent kilowatts;  second,  increased 
generator  and  transformer  capacity; 
third,  increased  line  and  rail  loss;  and 
fourth,  increased  cost  of  motors.  This 
difference  might  run  the  cost  of  the 
alternating-current  car  equipment  5 
per  cent,  higher  than  figured  on.  It 
will  be  noted  that  the  great  saving 
comes  in  changing  from  direct  current 
to  alternating  current,  and  that  a 
change  in  frequency  within  moderate 
limits  effects  a  change  by  no  means 
comparable  with  that  which  is  effected 
by  going  to  alternating  current. 

Operating  Expenses. — In  the  labor 


5  men  at  power  house — 2  shifts — aver, 
wage  $900  per  year  each 

Fuel,  water,  oil,  etc.,  at  %c.  per  K.W.- 
hour   

Repairs  and  maintenance  of  power 
house    (3%   of   cost) ^ 

Repairs  and  maintenance  of  H.  T.  lines 
(5%  per  year)    

Repairs  and  maintenance  of  trolley  (4% 
per   year) 

Repairs  and  maintenance  of  car  equip- 
ments  (10%)    


$55,404        Total  yearly  operating  expenses. 


$101,774 
$308,774 

$9,000 

23,050 

969 

2,980 

3,652 

10,177 

$51,256 


item  it  will  be  noted  that  the  main 
saving  comes  from  the  circumstance 
that  sub-station  attendance  is  avoided 
by  the  use  of  the  alternating-current 
system.  In  other  respects  the  labor 
items  will  be  the  same. 

The  fuel  item  for  the  alternating- 
current  system  is  somewhat  smaller 
than  for  the  direct-current  system,  as 
the  actual  energy  at  the  power  house 
is  less  in  the  former  case  than  in  the 
latter. 

Besides  labor  and  power,  the  main 
operating  expense  for  any  interurban 
railway  system  comes  in  the  items  of 
repairs  and  maintenance.  It  will  be 
noted  that  this  item  of  repairs  and 
maintenance  has  been  included  in  the 
above  comparison  by  assuming  that 
it  is  a  certain  percentage  of  the  first 
cost  in  each  case.  There  may  be  a  dif- 
ference of  opinion  as  to  the  percent- 
age that  should  be  assumed  in  the  va- 
rious cases  of  this  item  of  repairs  and 
maintenance,  but  I  have  endeavored 
to  make  the  comparison  between  the 
two  systems  as  fair  as  possible.  It  is 
not  intended  to  include  any  item  of 
depreciation  in  these  repairs  and 
maintenance  figures. 

It  will  be  noted  that  a  marked  dif- 
ference is  made  between  the  mainten- 
ance of  a  third  rail  and  trolley  by  al- 
lowing i  per  cent,  in  the  one  case 
and  4  per  cent,  in  the  other.  The  ap- 
parent discrepancy  in  allowing  5  per 
cent,  for  the  maintenance  and  repairs 
on  the  high-tension  line  and  only  4 
per  cent,  for  that  of  the  trolley  is  ex- 
plained by  the  fact  that  the  5  per 
cent,  on  the  high-tension  line  include 
the  repairs  and  maintenance  and  the 
supporting  structure  for  the  trolleys. 

The  matter  of  inspection  of  the  al- 
ternating-current sub  -  stations  is 
taken  care  of  by  allowing  6  per  cent, 
in  the  case  of  the  alternating-current 
sub-stations  instead  of  4  per  cent,  as 
in  the  direct-current  sub-stations. 

In  the  matter  of  repairs  and  mainte- 
nance of  the  car  equipments,  it  will 
be  noted  that  12  per  cent,  are  allowed 


in  the  direct-current  system  and  only 
10  per  cent,  in  the  alternating-current 
system.  Even  this  difference  in  per- 
centage allows  $10,000  per  year  for 
the  maintenance  of  the  alternating- 
current  equipments  in  the  place  of 
$7,500  for  the  direct-current,  or  25 
per  cent,  more  for  the  alternating  cur- 
rent than  for  the  direct  current.  The 
alternating-current  motors  being  low- 
er in  voltage,  and  being  protected 
against  direct  lightning  discharges  by 
the  intervention  of  a  transformer, 
ought  to  have  at  least  a  no  higher 
maintenance  bill  than  the  direct-cur- 
rent motors.  The  number  of  motors 
in  each  case  is  the  same.  The  alternat- 
ing-current system,  however,  will  re- 
quire a  certain  amount  of  attention 
for  the  transformers  and  regulators. 
This  item,  though  necessarily  not 
based  on  experience,  is  estimated  to 
represent  the  comparative  conditions 
as  closely  as  is  possible  at  this  time. 


At  the  request  of  the  editor  of  The 
Electrical  Age  some  supplemen- 
tary remarks  are  here  added.  In  the 
first  place,  the  estimates  made  in 
the  above-mentioned  paper  between 
alternating  and  direct  current  for  a 
given  hypothetical  case  are  believed 
to  be  very  conservative  so  far  as  the 
apparatus  for  the  alternating-current 
estimate  is  concerned.  The  conserva- 
tive tone  in  this  estimate  was  adopted 
advisedly,  since  the  writer  believes 
that  if  any  changes  in  the  compara- 
tive estimate  were  to  be  made  in  the 
future,  they  should  make  a  still  bet- 
ter showing  for  the  alternating-cur- 
rent system,  rather  than  that  the  fu- 
ture changes  should  show  a  tendency 
in  the  opposite  direction. 

The  apparatus  which  was  estimated 
upon  was  that  which  had  already  been 
built  and  tested  at  the  time  the  above 
paper  was  written,  but  already  alter- 
nating-current equipments  have  been 
laid  out  which  are  cheaper  and  lighter 
than  the  one  estimated  upon  here. 
The  difference  in  weight  between  the 
alternating-current  and  direct-current 
cars  complete  is  taken  in  the  paper 
as  about  18  per  cent,  of  the  direct- 
current  car.  This  difference  is  ex- 
pected to  be  cut  down  so  that  the  dif- 
ference will  be  only  about  5  or  10  per 
cent,  in  favor  of  the  direct-current 
car. 

The  difference  in  cost  between  the 
direct-current  and  alternating-current 
electrical  equipments  as  given  in  the 
last  item  of  first  cost  shows  that 
the  alternating-current  equipment  is 
about  65  per  cent,  more  expensive 
than  the  direct-current  equipment. 
With  continued  improvements  it  is 
certain    that    this    difference    will    be 
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largely  cut  down.  In  the  paper,  there- 
fore, the  alternating-current  equip- 
ment was  laboring  under  the  disad- 
vantage of  high  cost  which  invariably 
occurs  in  the  early  stages  of  the  devel- 
opment of  a  given  line  of  apparatus. 

An  element  of  the  alternating-cur- 
rent estimate  to  which  considerable 
exception  has  been  taken  is  the  use  of 
so  high  a  trolley  voltage,  namely, 
3,000  volts.  It  has  been  contended 
that  this  voltage  is  unsafe  for  use 
upon  cars  of  the  description  estimated 
upon.  This  high  voltage,  however, 
goes  only  as  far  as  the  car  trans- 
former. The  major  part  of  the  appa- 
ratus on  the  car  is  operated  at  voltages 
which  are  very  much  lower  than  the 
standard  in  use  on  the  direct-cur- 
rent systems  of  to-day.  The  wires 
from  the  trolley  to  the  transformers  in 
the  equipments  which  have  been  pro- 
jected may  be  strung  throughout  in 
metal  conduits  which  are  thoroughly 
grounded.  This  construction  makes 
it  practically  impossible  for  the  high 
voltage  to  be  communicated  to  pas- 
sengers. The  apparatus  from  which 
the  current  is  most  liable  to  escape 
is  the  motors  and  control  devices. 
This  apparatus  is  all  operated,  as 
stated  above,  at  a  voltage  much  lower 
than  iu  direct-current  practice,  and 
for  this  reason  there  is  foundation  for 
the  position  that  on  the  score  of  safety 
the  alternating-current  equipment  is 
actually  safer  than  a  corresponding 
direct-current  outfit. 

High  trolley  voltage,  however,  is 
not  an  essential  element  of  the  alter- 
nating-current system.  Trolley  volt- 
ages corresponding  to  standard  direct- 
current  practice  can  be  used,  and  at 
the  same  time  the  advantages  of  the 
alternating-current  system  can  be  re- 
tained. To  obtain  these  advantages, 
it  is  necessary  only  to  space  the  alter- 
nating-current sub-stations  closer  to- 
gether. For  instance,  doubling  the 
number  of  sub-stations,  that  is,  mak- 
ing their  distance  apart  one-half, 
makes  the  loss  in  the  secondary  one- 
half,  provided  the  secondary  distribu- 
ting system  is  not  reduced  in  size. 

It  is  evident  that  this  subdivision  of 
sub-stations  can  be  carried  to  any 
limit  desired  and  that,  therefore,  the 
losses  in  the  secondary  distributing 
system  can  be  carried  down  to  any 
limit  desired.  The  disadvantage  of 
increasing  the  number  of  alternating- 
current  sub-stations  is  the  additional 
cost  per  kilowatt  for  the  smaller  trans- 
formers, the  additional  cost  for  the 
smaller  sub-station  buildings,  switch- 
boards, etc.,  and  the  lower  efficiency 
which  accompanies  smaller  sizes  of 
transformers.  Another  limit  also  oc- 
curs in  that  the  transformer  sub-sta- 
tion cannot  be  reduced  below  a  point 
where    a    single    sub-station    cannot 


carry  the  maximum  current  required 
by  a  train  in  starting.  When  a  train 
starts  near  a  sub-station,  practically 
all  the  energy  required  by  that  train 
comes  from  that  sub-station.  This 
objection  is  to  a  large  extent  offset  by 
the  well-known  ability  of  transformers 
to  carry  excessive  momentary  over- 
loads. 

In  the  estimates  contained  in  the 
paper  above  referred  to,  the  sub- 
division of  transformer  sub-stations 
can  be  easily  carried  to  a  point  where 
a  voltage  equivalent  to  standard  direct- 
current  practice  can  be  used  in  the 
same  secondary  distributing  system 
without  increasing  the  loss  and  with- 
out increasing  the  cost  of  the  sub- 
stations to  a  point  where  this  in- 
creased cost  will  make  a  material 
difference  in  the  saving.  The  fact 
that  alternating-current  sub-stations 
require  no  manual  attendance  makes 
this  subdivision  possible.  In-  the 
direct  -  current  system,  subdivision 
of  sub-stations  is  accompanied  by  a 
marked  increase  in  operating  ex- 
penses on  account  of  the  additional 
attendance  required.  It  is  in  this 
matter  of  sub-station  attendance  that 
a  marked  difference  occurs  between 
the  two  systems. 

Another  point  of  advantage  of  the 
alternating-current  system  over  the 
direct-current  rotary  converter  sys- 
tem which  was  not  touched  upon  in 
the  preceding  paper  is  the  time  re- 
quired to  get  the  system  started  after 
a  general  or  partial  shut-down  has  oc- 
curred. In  the  rotary  converter  sys- 
tem, after  a  shut-down,  it  is  necessary 
to  start  and  synchronize  the  rotary 
converters  in  the  sub-stations  before 
power  can  be  supplied  to  the  cars. 
This  is  a  matter  of  considerable  time. 
If  the  cars  on  an  extensive  system  are 
able  to  start  within  half  an  hour  after 
the  generators  at  the  power  house 
have  started,  most  railway  superinten- 
dents would  feel  that  they  had  reason 
to  congratulate  themselves.  In  the 
alternating-current  system,  on  the 
other  hand,  the  cars  can  be  started  im- 
mediately upon  closing  the  switches 
at  the  central  station.  This  elimina- 
tion of  the  elements  of  delay  in  start- 
ing after  a  general  or  partial  shut- 
down is  a  very  important  one. 

Another  advantage  possessed  by 
the  alternating-current  system  over 
the  direct-current  is  the  overload 
capacity  of  the  sub-stations.  This  was 
mentioned  above,  but  the  writer  con- 
siders it  well  to  emphasize  this  point. 
In  the  direct-current  sub-station 
there  are  two  elements  which  limit  the 
output;  first,  the  element  of  heating, 
and,  second,  the  element  of  commuta- 
tion. The  element  of  heating  limits 
the  average  load  which  can  be  carried 
by  the  sub-station  to  an  amount  which 


will  not  raise  the  temperature  above 
the  danger  point.  The  element  of 
commutation  limits  the  maximum 
which  can  be  taken  from  a  given  sub- 
station. Invariably  rotary  converter 
sub-stations  are  proportioned  rather 
on  a  basis  of  the  maximum  that  can 
be  commutated  than  for  their  heat 
capacity. 

In  the  alternating-current  sub-sta- 
tions, on  the  other  hand,  the  element 
of  commutation  is  cut  out  and  the 
only  limit  to  the  power  output  is  the 
heating  capacity.  The  capacity  of 
sub-stations,  therefore,  in  the  alternat- 
ing-current system  can  be  much  more 
nearly  adjusted  to  the  average  power 
output  than  is  the  case  in  the  direct- 
current  system.  It  is  evident,  there- 
fore, that  the  aggregate  capacity  of 
sub-stations  for  an  alternating  cur- 
rent proposition  may  be  made  less  as 
a  rule  than  for  an  equivalent  direct- 
current  proposition. 

This  element  of  overloads  which 
can  be  carried  by  sub-stations  also  is 
of  the  utmost  importance  on  occasions 
when  the  traffic  of  a  given  road  be- 
comes congested  for  any  reason.  An 
accident  to  a  train  or  to  the  track  is 
almost  certain  to  cause  such  delays  as 
will  pile  up  the  cars  to  be  started  and 
operated  at  that  particular  point  when 
the  stoppage  is  cleared  up.  Such  a 
condition  throws  an  abnormal  load 
upon  the  sub-stations  located  at,  and 
near,  the  point  of  accident,  and  in  tak- 
ing care  of  such  a  condition  it  is  evi- 
dent that  the  alternating-current  sys- 
tem has  considerable  advantage. 

By  adopting  a  rheostatic  control  for 
alternating-current  equipments,  the 
same  system  of  control  can  be  used 
whether  the  car  be  running  from  an 
alternating  current  circuit  or  from 
a  direct-current  circuit.  It  is  true 
that  such  a  system  of  control  does  not 
give  the  maximum  available  economy 
when  running  from  the  alternating 
circuits,  but  it  does  give  an  economy 
which  is  comparable  directly  with  that 
obtained  in  the  present  direct-current 
systems. 

It  would  be  well'  for  those  who  are 
operating  electrical  railways  and  look- 
ing out  for  their  future  needs,  to  in- 
vestigate the  possibility  of  making 
their  additions,  when  additions  are 
made,  with  a  type  of  motor  which,  al- 
though it  is  purchased  for  direct-cur- 
rent circuits,  can  eventually  be  used 
on  an  alternating  current  circuit,  thus 
keeping  in  mind  the  time  in  the  not 
distant  future  when  a  general  change 
from  the  present  direct-current  to  the 
future  alternating  -  current  systems 
may  be  expected. 


Over  300,000,000  passengers  were 
carried  by  the  street  railroads  of  Ber- 
lin, Germanv,  last  vear. 
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Urvcalled-for    Applications   of 
Wireless    Telegraphy 

IT  is  obvious  that  wireless  teleg- 
raphy is  applicable  to  almost  any 
of  the  commercial  uses  to  which 
wire  telegraphy  has  been  put,  within 
certain  limits,  as,  for  instance,  the  dis- 
tance to  which  signals  may  be  success- 
fully transmitted  by  the  wireless  sys- 
tem. This  being  true,  it  is  very 
clearly  evident  that  it  should  be  quite 
feasible  to  make  use  of  the  latter  sys- 
tem in  exactly  the  same  way  that  wire 
telegraphy  is  used.  Hence,  if  Mr. 
Paul  Jones  runs  short  of  ready  cash 
while  on  a  transatlantic  trip  and  knows 
that  Pere  Jones  is  on  a  sister  ship,  it  is 
not  a  miracle  to  send  a  message  by 
wireless,  if  both  vessels  are  equipped 
with  wireless  outfits,  in  order  to  ob- 
tain an  order  for  more  of  the  needful 
2-7 


from  Pere  Jones  to  Jones  Fils.  Yet 
the  prominence  given  in  the  daily 
press  to  so  simple  a  transaction  would 
imply  that  there  was  something  of  the 
supernatural  about  it.  It  is  also  quite 
apparent  that  if  wireless  telegraphy  is 
practically  operative  at  all,  it  should 
be  feasible  to  apply  it  as  a  means  of 
communicating  to  and  from  moving 
trains.  Hence  we  hear  of  various  in- 
ventors who  are  assiduously  applying 
themselves  to  accomplish  this  result, 
seemingly  without  asking  whether,  if 
their  efforts  should  be  successful, 
there  would  be  any  demand  for  such  a 
system  of  inter-communication.  It  is 
not  novel  to  accomplish  such  a  result. 
It  was  done  long  ago  by  Phelps,  Edi- 
son and  others  by  induction  telegraph 
methods  in  a  very  simple  and  success- 
ful manner,  but  there  was  no  demand 
for  it ;  and  it  is,  therefore,  not  likely 
that  a  system  not  nearly  so  simple, 
economical,  or,  it  may  be  assumed,  re- 
liable, will  create  such  a  demand. 

Another  somewhat  unnecessary 
proposed  use  of  wireless  telegraphy 
has  recently  been  proposed  and  tested, 
namely,  for  automatic  fire  alarm  tele- 
graph purposes.  For  this  work  noth- 
ing could  well  be  more  simple,  reliable 
and  practical  than  the  ordinary  wire 
circuit  connecting^  the  building  to  be 
protected  with  firemen's  headquarters. 
Such  an  alarm  system,  to  be  of  any 
practical  utility,  must  give  automatic 
evidence  of  some  kind  when  defects  of 
any  sort  arise ;  or  it  must  be  feasible 
to  test  the  circuits  and  apparatus  at 
regular  intervals.  All  this  is  readily 
done  from  headquarters  by  the  exist- 
ing wire  telegraph  systems,  with  little 
or  no  complications  at  the  protected 
building.  With  wireless  telegraph 
apparatus,  however,  a  complete  trans- 
mitting and  receiving  system  would  be 
necessary  at  each  protected  building 
to  effect  the  results  just  mentioned, 
the   cost  of   which   would,   doubtless. 


be  many  times  more  than  the  cost 
of  a  connecting  wire.  Besides,  who 
is  to  keep  the  coherer,  induction  coil, 
battery,  and  other  accessories  in  ad- 
justment night  and  day  in  the  various 
stations  ?  The  moral  of  which  re- 
marks is,  why  waste  time,  energy  and 
money  in  demonstrating  that  certain 
things  can  be  done  by  wireless  tele- 
graphy when  they  can  be,  and  are, 
done  much  more  satisfactorily  by 
other  means  ? 


The    Third-Rail    Problem 

THE  dangers  of  the  third-rail 
current  supply  system  on  elec- 
trically operated  elevated  rail- 
ways, and  others,  with  special  refer- 
ence to  what  has  been  done  on  both 
the  elevated  and  the  new  tunnel  lines 
in  the  city  of  New  York,  has  been  so 
prominently  presented  of  late,  largely 
from  one  point  of  view,  that  it  is 
proper  to  look  at  the  subject  from  a 
few  other  points  as  well. 

One  of  the  principal  contentions 
that  have  been  made  is  that  the  third- 
rail  system  is  inherently  faulty  and 
objectionable,  and  that  an  overhead 
current  supply  should  have  been  in- 
stalled at  the  outset;  but  in  taking 
this  stand  sight  has  apparently  been 
lost  of  the  fact  that  traffic  and  other 
conditions  on  surface  lines  and  in 
small  towns  or  along  country  high- 
ways differ  in  every  way  from  those 
ruling  on  the  elevated  and  tunnel 
routes  of  New  York.  In  one  case  we 
have  isolated  groups  of  motor  units, 
on  cars  running  at  intervals,  while  in 
the  other  we  have  concentrated 
groups,  the  usual  motor  equipment 
for  an  elevated  or  tunnel  railway  train 
averaging  about  1,000  horse-power. 
With  present  methods  of  operation  no 
ordinarv  size  of  trollev  wire  would  be 
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sufficient  to  carry  current  for  this, 
and  the  kind  of  conductor  that  would 
have  to  be  adopted  would  require 
something  far  more  substantial  in  the 
way  of  overhead  support  than  the  now 
customary  trolley  construction.  For 
elevated  railways  it.  would  mean  more 
substantial  poles,  or  more  closely 
spaced  poles,  and  light  cross  girders 
instead  of  wires  for  conductor  sus- 
pension, forming  what  the  public,  and 
especially  the  fire  department  of  a 
city  like  New  York,  would  consider  an 
intolerable  overhead  addition  to  the 
railway  structure  itself. 

The  fire  department  might  reason- 
ably be  expected  to  take  the  position 
that  such  additional  overhead  erec- 
tions would  seriously  hamper  it  in 
fighting  fires  along  the  line  of  the  rail- 
way, while  adjacent  property  owners 
would  probably  also  object.  At  pres- 
ent, elevated  railway  structures  are 
frequently  used  as  points  of  vantage 
by  the  firemen  in  their  work,  and  this 
possibility  would  be  largely,  if  not 
altogether,  eliminated  by  the  kind  of 
substantial  trolley  superstructure  that 
proper  train  service  would  require. 

As  to  an  overhead  conductor  in  the 
New  York  rapid  transit  subway,  that 
is  barred  out  at  once  by  the  fact  that 
the  space  between  the  roof  of  the  tun- 
nel and  the  tops  of  the  cars  amounts 
to  only  four  inches.  No  overhead 
trolley  mechanism  could  be  put  in 
that  space.  Sinking  the  conductor 
between  the  rails  or  at  the  side  of 
the  rails  after  the  manner  of  the 
slotted  conduit  construction  of  the 
electric  surface  lines  would  be  impos- 
sible, also,  on  both  the  elevated  lines 
and  in  the  tunnel  as  now  built,  unless 
the  approved  present  method  of  sup- 
porting rails  upon  cross  ties  in  heavy 
railway  construction  of  this  character 
were  abandoned. 

Conduit  systems  of  various  kinds, 
with  no  current-charged  conductor 
exposed,  button  systems  as  they  have 
been  called,  and  induction  systems 
with  alternating  current  motors,  all 
have  been  proposed  from  almost  the 
earliest  day  of  electric  railway  con- 
struction, but  they  have  rarely  gone 
much  beyond  the  purely  fanciful 
stage,  and  none  of  those  which  have 
actually  been  tried  have  been  able  to 
withstand  the  test  of  practice. 

There  remains  thus,  with  the  pres- 
ent state  of  the  art,  the  much-abused 
third  rail  as  the  only  method  of  cur- 
rent supply  which  rests  upon  experi- 
ence as  a  reliable  means  of  conveying 
the  necessarily  heavy  currents  to  ele- 
vated and  subway  trains,  though  it 
must  be  admitted  that  some  method  of 
guarding  this  rail  more  efficiently 
than  is  done  now  should  be  adopted; 
and  right  here  it  should  be  said  that 
the  Interborough  Rapid  Transit  Com- 


pany of  New  York,  which  has  been 
so  freely  criticised  for  its  apparent  ne- 
glect of  public  safety  considerations 
in  this  respect,  is  heartily  in  favor  of 
the  right  kind  of  third-rail  guard,  and 
is  at  present  engaged  in  a  careful  in- 
vestigation of  the  merits  of  the  multi- 
tude of  such  guards  which  have  been 
proposed.  The  right  kind  of  guard 
will  make  the  rail  fool-proof,  and  it  is 
that  quality  which  is  needed  for  it 
more  than  anything  else. 


New    York's    Proposed    West    Street 
Overhead   Trolley    Line 

THAT  a  city  of  the  first  magni- 
tude, like  New  York,  should 
have  been  one  of  the  latest  to 
avail  itself  of  the  advantages  of  elec- 
tric traction  on  its  street  railways,  was, 
several  years  ago,  a  matter  of  amused 
comment  with  many.  But  from  this 
very  slowness  of  action  was  finally 
evolved  an  electric  system  superior,  as 
a  whole,  to  anything  anywhere  else, — 
a  perfected  conduit  system,  with  not  a 
wire  overhead, — and  the  final  verdict 
was,  unqualifiedly,  that  the  city's  stub- 
born opposition  to  the  overhead  trol- 
ley had  been  wisely  and  well  main- 
tained. 

Recently,  however,  with  the  over- 
head wire  battle  supposedly  thorough- 
ly fought  out  and  the  matter  definitely 
disposed  of  for  all  time,  came  the 
proposition  to  equip  one  of  the  still 
existing  horse-car  line  relics  along  the 
Hudson  River  front  with  the  overhead 
trolley  system.  Horse  traction  was 
sadly  behind  the  times,  the  sub-sur- 
face conduit  system  used  elsewhere  in 
the  city  was  inadmissible  on  account 
of  the  trouble  which  was  to  be  antici- 
pated from  the  very  frequent  flooding 
of  the  river  front  street  at  high  tides, 
and  the  overhead  trolley  was,  there- 
fore, the  only  practicable  thing  to  in- 
stall. This,  in  brief,  was  the  conten- 
tion of  the  operating  company. 

Happily,  however,  permission  to 
put  in  the  overhead  trolley  has  not 
yet  been  granted  by  the  city,  and  it 
is  to  be  hoped  that  the  authorities  will 
firmly  support  their  anti-overhead  de- 
cision of  earlier  years.  In  taking  this 
stand,  it  is  presumed  that  what  the 
street  railway  company  have  in  mind 
is  the  single-trolley  system;  indeed, 
there  has  been  nothing  to  indicate  that 
anything  else  had  been  thought  of. 
With  this  system  in  operation,  both 
city  and  railway  company  would  at 
once  have  to  contend  with  the  electro- 
lysis problem,  and  the  serious  aspect 
of  this  cannot  be  too  strongly  urged 
for  consideration.  Every  city  in 
which  the  single-trolley  is  in  service 
has  had  to  grapple  with  it,  and  where, 


in  such  cities,  the  trouble  has  not  yet 
been  serious,  it  certainly  will  be  unless 
the  proper  remedies  are  applied  in 
time. 

In  the  case  of  the  proposed  Hudson 
River  front  trolley  line,  it  is  easy  to 
foretell  what  would  happen.  West 
Street,  along  which  it  is  to  be  erected, 
runs  along  the  West  Side,  practically 
north  and  south,  in  the  direction  of 
the  city's  length.  The  electric  cur- 
rent for  the  line  would  presumably  be 
supplied  either  from  the  company's 
power  house  on  the  extreme  opposite 
side  of  the  city,  on  the  East  River 
front,  or  from  a  second  one  at  a  point 
also  many  miles  north-east  from  the 
lower  part  of  the  city,  or  from  both. 
The  stray  return  currents  from  the 
trolley  line  would  thus  flow  from 
south-west  to  north-east  across  the 
city,  through  all  available  under- 
ground metals,  water  and  gas  mains, 
the  metallic  construction  of  subways, 
and  all  sorts  of  buried  lead-covered 
electric  cables  in  a  large  section  of  the 
lower  part  of  Manhattan,  and  would 
introduce  a  situation  which  would 
have  to  be  seriously  reckoned  with  be- 
fore long.  The  responsibility  of  the 
railway  company  for  future  damage  to 
underground  metals,  if  allowed  to  in- 
stall the  single-trolley,  would  be  all 
the  more  pronounced,  as  the  effect  of 
that  system  in  causing  electrolysis  is 
now  so  well  known,  and  with  the  like- 
lihood, therefore,  in  view  of  being 
saddled  with  heavy  reimbursements 
for  pipe  and  other  metal  destruction, 
the  company  might  well  be  expected 
to  hesitate  before  installing  this  par- 
ticular overhead  system. 

At  all  events,  the  position  of  the 
power  house  and  every  detail  concern- 
ing the  establishing  of  such  a  system 
should  be  clearly  explained  by  the  rail- 
way company;  the  piping  maps  of  the 
city  should  be  consulted  to  determine 
upon  what  gas  and  water  mains  and 
other  metals  the  flow  of  current  would 
be  likely  to  pass;  where  they  may  be 
affected,  and  how  the  return  circuit 
is  to  be  constructed.  These  and  other 
questions  should  be  carefully  consid- 
ered by  the  authorities  before  giving 
consent  to  the  installation  of  the  single 
trolley  on  West  Street.  It  has  been 
shown  in  several  instances  by  expert 
investigation  that  some  current  will 
always  return  by  underground  mains 
of  various  kinds,  no  matter  how 
excellent  the  construction  of  the 
regular  railway  return  circuit,  and 
as  the  conductors  of  the  circuit  in 
this  case  would  always  be  exposed  to 
wet  soil,  deterioration  would  con- 
stantly go  on,  and  the  flow  of  current 
to  other  metals  would  increase  in  pro- 
portion, as  the  track  circuit  lost  in 
conducting  capacity. 

It  may  not  be  amiss  before  leaving 
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the  subject  here  to  direct  attention  to 
the  article  entitled  "Electrolytic  De- 
composition of  Metals  Underground," 
by  Mr.  A.  A.  Knudson,  printed  else- 
where in  this  issue.  Mr.  Knudson 
speaks  from  many  years  of  experi- 
ence which  give  a  distinct  practical 
value  to  his  observations. 


The   Underwriters'  Electrical  R.ules 

THE  Underwriters'  Electrical 
Rules,  be  it  said  without  dispar- 
agement, are  an  anomaly,  both  in 
the  conduct  of  insurance  matters  and 
also  from  the  peculiar  position  which 
they  occupy,  not  merely  in  relation  to 
the  insurers  and  the  insured,  but  in 
their  relations  to  manufacturers  and 
users  of  electric  lighting  and  power 
apparatus,  the  government  of  munici- 
palities and  even  States,  and  also  the 
general  conduct  of  all  forms  of  electri- 
cal application  which  are  made  for  the 
service  of  the  public. 

Underwriting  pure  and  simple  is  a 
distribution  of  the  losses  of  the  few 
upon  the  many,  by  a  system  of  selec- 
tive taxation,  from  which  a  quotum  is 
abstracted  to  serve  as  the  stipend  for 
the  cost  of  the  transaction.  In  former 
years  it  was  the  practice  to  insure 
property  at  a  rate  based  on  the  esti- 
mated hazard  to  take  the  chances,  and 
to  protect  the  assets  of  the  company  by 
the  rate  charged  for  assuming  the  risk 
of  fire.  In  later  years,  however,  under- 
writing, like  other  occupations,  has 
been  modified  by  the  scientific  methods 
which  have  reached  every  occupation, 
and  instead  of  making  merely  a  dis- 
crimination, based  upon  the  estimated 
hazard,  such  concessions  are  made  in 
the  rates  for  the  introduction  of  special 
protective  apparatus,  the  adoption  of 
more  stable  methods  of  construction, 
the  introduction  of  preventive  meas- 
ures in  automatic  fire  alarms,  watch- 
men, and  systematic  care  of  the  prop- 
erty, especially  as  regards  removal  of 
waste  material,  and  both  insurers  and 
insured  have  profited  by  the  modifica- 
tion. 

With  the  introduction  of  electric 
lighting  it  was  found  that  its  fire  haz- 
ard was  not  like  some  other  dangers, 
necessarily  an  inherent  part  of  the 
system,  but  it  could  be  modified  in 
many  respects  by  specifications  gov- 
erning the  constructive  methods  of  in- 
stallation and  conduct  of  its  affairs. 

From  a  very  small  beginning  rules 
were  first  prepared  governing  the  con- 
ditions as  they  were  known  at  that 
day,  and  they  have  been  amplified  to 
keep  pace  with  the  progress  in  the 
construction  and  application  of  elec- 
tricity to  light  and  power,  confining 
their  provisions  to  matters  which  have 


some  bearing  on  the  fire  hazard  as  de- 
termined by  experience.  In  their  pres- 
ent form,  as  matters  exist  to-day,  they 
are  the  outcome  of  a  meeting  known  as 
the  National  Conference  on  Standard 
Electrical  Rules,  which  was  held  at 
New  York  in  March,  1896,  and  at 
which  several  days  were  devoted  to 
the  consideration  of  the  numerous 
electrical  rules  issued  by  various 
bodies,  both  in  America  and  Europe, 
and  all  suggestions  for  changes,  to 
which  were  added  many  recommenda- 
tions received  by  correspondence  in 
reply  to  circular  letters  sent  out  by 
that  body,  were  referred  to  a  Commit- 
tee on  Code,  which  codified  the  whole 
matter  on  a  systematic  basis. 

The  rules  were  accepted  by  the  in- 
surance interests,  and  by  the  National 
Board  of  Fire  Underwriters,  and  have 
been  accepted  as  the  guide  and  author- 
ity upon  questions  relating  to  the  fire 
hazard  of  electricity. 

The  conference  consisted  of  repre- 
sentatives of  the  underwriters,  manu- 
facturers of  operating  electrical  inter- 
ests, and  delegates  from  numerous 
technical  and  scientific  associations. 
The  Underwriters'  National  Electric 
Association,  consisting  of  electricians 
in  the  services  of  the  underwriters, 
was  reorganized  as  the  result  of  one  of 
the  congresses  of  the  Chicago  Exposi- 
tion of  1893,  and  the  Electrical  Com- 
mittee of  that  organization,  consisting 
of  eleven  members,  meet  once  a  year  in 
public  convention,  at  which  other 
members  of  the  Association,  and  also 
underwriters  interested,  meet  to  con- 
sider the  various  changes  made  neces- 
sary by  the  year's  progress. 

The  anomalous  position  of  the  rules 
arises  from  the  fact  that  the  Electrical 
Committee,  which  meets  and  amends 
them,  as  may  be  required,  and  then 
recommends  them  issued  in  pamphlet 
form  from  year  to  year,  is  a  purely 
voluntary  organization,  without  stand- 
ing as  a  corporation.  The  rules 
are  issued  as  representing  the  mini- 
mum of  conditions  compatible  with 
safety,  although  those  engaged  in  the 
manufacture,  installation  and  opera- 
tion of  electric  lighting  and  power 
plants  use  precautions  not  included  in 
■  these  rules,  and  yet  the  committee  has 
no  power  of  enforcement,  nor  do  the 
rules  prescribe  any  penalties  for  their 
violation.  As  a  matter  of  fact,  how- 
ever, the  rules  meet  with  the  utmost 
consideration  by  those  concerned  in 
the  manufacture  and  installation  of 
electrical  apparatus,  and  generally 
form  a  part  in  contracts  for  such 
work. 

Owners  of  buildings  demand  that 
the  installation  of  electrical  apparatus 
shall  be  made  in  exact  conformity  to 
the  provisions  of  these  rules,  and  in 
these   several    respects   the   rules   are 


probably  more  specifically  obeyed  than 
a  great  majority  of  laws  backed  by 
governmental  power.  The  reason  for 
this  is,  primarily,  that  they  receive  the 
confidence  of  all  parties  interested,  it 
being  believed  that  they  work  for  the 
good  of  all  connected  with  electricity, 
and  the  rate-making  organizations 
connected  with  the  underwriters  give 
such  weight  to  the  conditions  set  forth 
by  these  rules  that  their  continued  and 
deliberate  violation  would,  indeed,  be 
an  expensive  matter  for  owners  of 
such  insured  property.  The  rules  are 
embodied  in  many  city  ordinances,  and 
have  an  influence  in  State  legislation 
bearing  on  the  subject.  They  form  the 
guide  to  insurance  inspectors  and  to 
many  municipal  inspectors. 

The  point  of  criticism  which  has 
been  offered  is  the  lack  of  a  deciding 
body  to  pass  upon  disputed  questions 
in  the  interpretation  of  the  rules, 
which  questions  arise  as  naturally  as 
in  other  matters  of  contract  or  of  law. 
It  may  be  that  in  course  of  time  some- 
thing will  be  done  to  give  a  closer 
jurisdiction  over  the  methods  of  elec- 
tric inspectors  in  the  service  of  the 
underwriters  for  the  purpose  of  ob- 
taining a  uniformity  of  methods  in 
applying  the  rules,  as  it  is  frequently 
claimed  that  there  are  wide  differences 
in  various  districts.  As  the  Electrical 
Committee  is  now  constituted,  a 
board  of  appeal  was  provided  for  a 
year  ago,  at  the  request  of  the  National 
Contractors'  Association,  for  the  de- 
cision of  disputed  points  of  construc- 
tion in  which  members  of  that  organ- 
ization have  a  business  interest.  But, 
as  a  matter  of  fact,  since  the  provision 
of  this  board  of  appeal,  all  of  the  dis- 
puted points  have  been  settled  by  the 
National  Contractors'  Association 
without  an  appeal  being  taken  by 
either  party,  and  it  is  stated  that  the 
existence  of  this  provision  for  an  ap- 
peal has  made  settlements  of  disputes 
feasible  between  the  original  parties. 

The  question  naturally  arises,  to 
what  extent  do  these  rules  carry  out 
their  purpose  of  establishing  con- 
ditions of  immunity?  It  is  difficult  to 
estimate  the  value  of  prevented  losses ; 
but  it  is  true  that  the  earlier  electric 
lighting  installations  were  accompa- 
nied by  a  relatively  large  number  of 
fires,  while  now,  though  fires  still 
occur,  they  are,  in  the  main,  due  to  a 
non-compliance  with  the  rules  or  to 
depreciation  which  is  beginning  to 
show  itself  in  many  of  the  older  in- 
stallations. 

The  National  Board  of  Fire  Under- 
writers maintain  an  extensive  labora- 
tory at  Chicago,  where  there  are  facili- 
ties of  apparatus  and  technical  assist- 
ants to  test  various  forms  of  electrical 
devices  and  supplies  which  may  be 
submitted    for   approval ;    and   in   the 
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course  ff  these  investigations  new 
points  are  frequently  developed,  which 
accrue  to  the  advantage  of  inventors 
and  manufacturers. 

The  regulations  apply  to  the  vast 
amount  of  property  included  in  the 
electric  plants  all  over  the  country,  en- 
gaged in  transmitting  enormous  quan- 
tities of  electric  energy,  in  which  mis- 
haps may  divert  this  potentiality  from 
its  good  services  in  illumination  or  the 
transmission  of  power,  to  become  an 
agency  of  destruction.  To  administer 
these  regulations  justly  and  conserva- 
tively is  a  grave  responsibility,  and  it 
is,  indeed,  fortunate  that  they  emanat- 
ed from  a  technical  source.  With  de- 
layed action  in  formulating  them, 
events  might  have  occurred  which 
might  have  imposed  upon  the  electrical 
interests  the  hazards  of  unwarranted 
legislation. 


The   Insulation    of    Underground 
High-Tension    Cables 

THE  question  of  the  proper  in- 
sulating material  for  under- 
ground cables  for  high  tension 
circuits  appears  to  be  settling  itself  in 
favor  of  paper  saturated  with  insulat- 
ing oils.  At  one  time  rubber  com- 
pounds were  regarded  with  much 
favor  for  this  work,  chiefly  because  it 
was  believed  that  cables  thus  insulated 
possessed  two  chances  of  life,  as 
against  one  for  paper  insulation ; 
which  remark,  translated,  means  that, 
since  both  types  of  cable  are  lead  cov- 
ered over  the  insulating  material,  if 
the  lead  cover  is  punctured  or  cor- 
rodes, moisture  enters,  and,  in  the  case 
of  paper  insulation,  a  defect  promptly 
ensues,  while  such  injury  to  the  lead 
casing  does  not  necessarily  mean  im- 
mediate collapse  in  the  case  of  the 
rubber-insulated  cable. 

Notwithstanding  this  advantage  in 
favor  of  the  rubber  type  of  cable,  how- 
ever, it  has  hardly  held  its  own  in  this 
country  of  recent  years  against  paper 
insulation  for  high-tension  service. 
In  fact,  in  a  number  of  instances  a 
considerable  quantity  of  rubber  cables 
employed  on  high-tension  circuits 
have,  for  reasons  satisfactory  to  the 
user,  been  actually  displaced  by  paper 
cables,  the  displaced  cables  being 
utilized  in  other  ways  where  the  ser- 
vice was  not  so  exacting.  The  price 
of  rubber-covered  cable  is,  size  for 
size,  usually  somewhat  higher  than 
that  of  paper-insulated  cable,  but  in 
point  of  fact  the  question  of  relative 
cost  of  the  cables  does  not  seriously 
enter  when  the  important  factor  of  re- 
liability of  operation  of  the  traction  or 
lighting  systems  of  large  cities  is  at 
stake. 


One  feature  of  the  operation  of 
high-tension,  heavy-current  circuits 
in  which  the  advantage  rests  entirely 
with  paper  cables  is  the  apparently 
unavoidable,  and  more  or  less  fre- 
quent, loading  of  the  circuits  with  an 
amount  of  current  largely  in  excess  of 
the  economical  current-carrying  ca- 
pacity of  the  conductor.  The  undue 
heating  of  the  conductor  that  follows 
such  overloads  is  calculated  to  be 
more  or  less  injurious  to  rubber  com- 
pounds, whereas  its  effect  is  nil  upon 
paper  insulation. 

The  highest  voltage  employed  thus 
far  in  underground  cables  in  this 
country  is  25,000  volts.  This  will 
soon  be  exceeded  by  an  installation  of 
several  miles  of  paper  cable,  on  which 
the  pressure  will  be  30,000  volts.  The 
thickness  of  insulating  wall  of  the 
latter  cable  will  be  about  half  an  inch. 
From  the  experience  gained  by  the 
manufacturers  in  recent  years,  it  is 
understood  that  they  are  ready  to 
supply  cables  guaranteed  to  withstand 
40,000  to  50,000  volts. 

The  three-phase,  or  two-phase, 
three-wire,  system  is  now  generally 
used  for  high-tension  work,  and  the 
three  conductors  are  laid  up,  or 
bunched,  in  one  cable,  with  an  insu- 
lating jacket  over  all,  known  as  the 
"split"  insulation  plan.  In  this  case, 
if  half  an  inch  of  insulating  wall  is 
desired,  the  insulation  over  each  con- 
ductor will  be  one-quarter  inch,  and 
the  jacket  will  be  one-quarter  inch 
thick. 

Concentric  cables  are  not  employed 
for  high-tension  work  in  this  country, 
their  mechanical  disadvantages  being 
considered  as  outweighing  any  elec- 
trical advantages  they  may  possess. 

It  has  been  claimed  for  many  years 
that  the  efficiency  of  paper  cables  de- 
pends very  largely  on  the  quality  of 
paper  used ;  namely,  high-grade  ma- 
nila,  and  litigation  for  infringement  of 
patents  covering  in  certain  ways  the 
use  of  this  material  as  an  insulator  has 
been  going  on  for  a  decade,  with  the 
end  not  yet  in  sight,  albeit  the  meth- 
ods of  the  patents  have  been  public 
property  for  some  time.  The  object 
of  the  present  litigation  is  to  afford  a 
basis  for  an  accounting,  and  it  is  un- 
derstood that  several  million  dollars 
are  involved. 

In  this  relation,  it  may  be  of  in- 
terest to  note  that  much  of  the  manila 
paper  now  on  the  British  market  is 
said  to  be  mostly  wood  pulp  and 
straw.  The  cause  of  this  is  attributed 
to  a  scarcity  of  manila  fiber,  as  well 
as  to  the  strictness  of  the  specifica- 
tions regarding  the  quality  of  paper, 
which,  among  other  things,  provide 
that  the  paper  must  be  altogether  free 
from  knots  and  pin-holes,  a  require- 
ment that  cannot  well  be  met  in  pure 


manila  paper  if  the  strength  of  the 
web  of  the  fiber  is  to  be  maintained. 

It  is  somewhat  difficult,  however, 
to  understand  wherein  such  pin-holes 
can  detrimentally  affect  the  general 
results  in  cables  employing  oil  insula- 
tion, with  strips  of  paper  laid  spirally 
over  the  conductor,  and  with  lead 
over  all.  Possibly  the  specifications 
covering  those  points  may  be  a  tradi- 
tion brought  down  from  the  gutta- 
percha specifications,  in  which  pin- 
holes were  guarded  against  by  double 
lapping  the  material.  There  was  good 
reason  for  this  provision,  however,  in 
the  case  of  gutta-percha  insulation, 
which  was  usually  employed  for  sub- 
marine cables,  and  without  lead  cover- 
ing to  exclude  the  water  from  the  in- 
sulation. 

In  the  United  States  the  specifica- 
tions for  high-tension  paper  cables  do 
not  ordinarily  specify  the  type  of  pa- 
per to  be  employed,  but  only  the  num- 
ber of  wrappings,  thickness  of  insu- 
lating wall,  breakdown  test,  and  insu- 
lation resistance.  With  these  features 
properly  safeguarded,  the  quality  of 
the  paper  is  not  considered  of  vital 
importance  by  the  purchaser.  The 
manufacturer,  however,  having  his 
reputation  to  maintain,  together  with 
a  guaranty  of  four  or  five  years  to 
protect,  will  see  that  the  paper  is  the 
best  obtainable  for  the  purpose. 

Opinions  as  to  the  utility  of  other 
than  manila  paper  for  such  purposes 
are  diverse  among  manufacturers, 
some  standing  out  strongly  for  pure 
manila  fiber,  while  others  claim  that, 
when  strength,  uniformity  of  texture, 
freedom  from  grits,  metallic  particles, 
pin-holes,  and  cost  of  the  raw  material 
are  to  be  considered,  a  good  quality 
of  wood  paper,  made  from  clean  sul- 
phite pulp  will,  on  the  whole,  give 
satisfactory  results. 


Put  to  the  fresh  college  graduate 
the  problem  of  the  amount  of  distance 
to  be  left  between  the  conductors  of  a 
high-tension  transmission  line,  and 
his  answer,  Mr.  Paul  M.  Lincoln,  of 
the  Westinghouse  Company,  recently 
remarked,  most  likely  will  involve  the 
jumping  distance  of  the  voltage  to  be 
used,  the  length  of  span,  the  sag,  and 
perhaps  a  liberal  factor  of  safety.  It 
is  experience  only  that  will  show  that 
his  premises  are  wrong,  and  that  the 
equation  to  determine  the  spacing  of 
high-tension  wires  depends  very  little 
on  the  voltages  to  be  carried  and  al- 
most entirely  on  such  things  as  the 
average  length  and  ohmic  resistance 
of  cats,  the  spread  of  wings  of  owls, 
and  cranes,  and  eagles,  and  the  aver- 
age length  of  scrap  baling  wire,  to- 
gether with  the  strength  of  the  aver- 
age small  boy's  throwing  arm. 


The  Electric  Locomotive  in  the  Freight  Service  of 

the  Trunk  Line  Railroad 

A  Proposed  Use  of  Induction  Motors  arvd  High  Voltage 

By  CARY  T.  HUTCHINSON,  Ph.  D. 


HE  use  of  electric 
locomotives  for 
heav  y  freight 
service  on  a  trunk 
line  railroad 
would,  under  Or- 
el i  n  a  r  y  circum- 
stances, scarcely 
meet  with  respect- 
ful consideration 
from  steam  rail- 
road engineers.  In 
a  special  case, 
however,  this  proposal  was  not  only 
considered  carefully,  but  appeared  to 
be,  on  the  whole,  an  economi- 
cal solution  of  a  serious  difficulty. 
The  case  seems  to  be  of  sufficient 
interest  to  warrant  a  brief  descrip- 
tion. 

The  problem  to  be  considered  was  to 
provide  for  an  increase  of  50  per  cent, 
in  the  freight-carrying  capacity  of  a 
mountain  division.  The  division  in 
question  was  approximately  80  miles 
long.  At  the  eastern  end  there  was  a 
heavy,  ascending  grade  nearly  20 
miles  long,  having  an  average  grade 
of  2.2  per  cent.,  with  a  maximum  of 
2.5  per  cent. ;  at  the  western  end  there 
was,  similarly,  a  descending  grade  14 
miles  long,  with  about  the  same  aver- 
age and  the  same  ruling  grades. 
The  intermediate  stretch  was  approxi- 
mately level,  but  had  short  grades  as 
high  as  one  per  cent.  In  addition  to 
the  heavy  grades,  the  curvature  was 
excessively  great. 

Some  method  of  increasing  the  ca- 
pacity of  this  section  by  at  least  50  per 
cent,  was  imperative.  The  cost  of  ad- 
ditional tracks  would  have  been  very 
large,  owing  to  the  necessity  for  long 
and  expensive  tunnels  and  heavv  cuts. 
It  was  practically  impossible  to  in- 
crease the  average  train  load  on  the 
controlling  grades  with  the  locomo- 
tives in  use,  and  the  reduction  of  these 
grades  to  any  material  extent  was  out 
of  the  question,  on  account  of  heavy 
cost.  Heavier  locomotives  could  not  be 
used  on  account  of  the  curvature, 
which  limited  the  rigid  wheel  base  to 
about  10  feet,  and  more  than  three 
locomotives  to  a  train,  then  sometimes 


used,  seemed  impracticable,  and  was 
not  economical ;  hence  a  consideration 
of  the  use  of  electric  locomotives  sug- 
gested itself,  by  reason  of  the  possi- 
bility of  building  locomotives  of  prac- 
tically any  weight  with  a  short,  rigid 
wheel-base.  A  locomotive  of  any 
weight  could  be  made  up  by  joining 
together  separate  truck-units,  and  in 
this  manner  the  possible  train  load 
could  be  greatly  increased  and  the 
train  mileage  correspondingly  re- 
duced. 

The  matter  was  investigated  fully 
by  Dr.  Louis  Duncan  and  myself. 
Estimates  were  prepared  for  the  cost 
of  operation  by  electric  service,  and 
were  compared  with  the  actual  oper- 
ating cost  under  conditions  of  opera- 
tion then  ruling.  There^were  certain 
incidental  advantages  that  made  the 
electric  service  particularly  favorable, 
one  being  that  a  large  power  plant 
could  be  placed  in  the  immediate  vi- 
cinity of  mines  furnishing  the  best 
grade  of  coal,  which  could  be  dumped 
directly  from  the  cars  into  coal  bunk- 
ers. The  coal  mines  were  owned  by 
the  railroad  company,  and  the  cost 
taken  for  coal — 75  cents  per  ton — is 
the  figure  at  which  the  engineers  of  the 
company  estimated  that  coal  could  be 
delivered  to  the  power  house,  making 
allowance  for  the  short  haul  required. 
Water  for  condensation  could  be  ob- 
tained from  streams  in  the  neighbor- 
hood, and  could  be  brought  to  the 
power  house  without  pumping ;  ashes 
could  be  washed  from  the  power 
house  by  the  discharge  water  into  a 
ravine  below.  All  these  elements 
tended  to  make  the  cost  of  power  low. 
There  was  the  further  possibility  of 
the  development  of  several  water 
powers  that  would  supplement  the 
main  steam  plant.  The  investigation, 
however,  did  not  go  far  enough  to 
prove  the  economy  of  this;  hence  in 
the  figures  given  below  no  account  is 
taken  of  the  possible  operation  of  a 
water-power  plant. 

The  length  of  this  section  of  the 
road,  as  stated,  was  approximately  80 
miles.  The  proposed  location  of  the 
power  house,   as   determined   bv  the 


coal  mines,  was  about  30  miles  from 
one  end  and  50  miles  from  the  other 
—an  advantageous  position,  since  the 
center  of  load  was  near  this  point,  due 
to  the  fact  that  the  eastbound  tonnage 
was  twice  the  westbound.  This 
stretch  made  an  operating  division, 
and  a  certain  amount  of  leeway  was 
possible  in  train  despatching,  thus 
limiting  the  number  of  trains  on  the 
up-grade.  This  fact  tended  to  im- 
prove the  load  conditions  at  the  power 
house,  and  hence  to  cheapen  the  cost 
of  energy. 

One  of  the  first  facts  brought  out 
by  the  investigation  was  that  the  cost 
of  doing  this  work  by  a  direct-current, 
500  to  700-volt  system  would  be  ab- 
solutely prohibitive,  on  account  of  the 
very  large  expenditure  required  for 
low-pressure  distribution  cables ;  hence 
resort  was  had  to  induction  motors. 
The  use  of  induction  motors  for  this 
service  offered  one  advantage  of  great 
importance  —  the  motors  themselves 
would  act  on  the  down-grades  to  hold 
back  the  train ;  that  is,  as  electric 
brakes.  This  was  valuable,  as  one  of 
the  chief  difficulties  in  operating  this 
section  was  to  hold  the  trains  on 
down-grades;  the  wear  of  car  wheels 
and  brake  shoes  was  excessive.  As 
the  induction  motors  are  used  as 
brakes,  it  is  as  necessary  to  use  such 
a  locomotive  as  a  helper  on  the  down- 
grade as  on  the  up-grade ;  hence  the 
"idle"  helper  mileage  is  done  away 
with.  In  addition,  this  brought  about 
a  considerable  saving  in  energv ;  that, 
however,  was  not  considered  as  im- 
portant as  the  electric  braking. 

The  service  under  consideration 
was  the  transportation  of  50,000  tons 
of  freight  per  day  over  this  division, 
of  which  34,000  tons  were  eastbound 
and  17,000  tons  westbound.  Under 
steam  operation  52  trains  per  day 
were  required  to  handle  32,000  tons, 
these  trains  making  a  total  daily  run 
of  4,100  miles.  With  electric  service, 
using  locomotives,  it  was  possible  to 
arrange  the  service  so  that  a  mileage 
of  2,100  was  sufficient  for  the  entire 
51,000  tons.  For  a  part  of  the  run 
two   electric   locmotives   were   to    be 
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used,  and  for  part  only  one.  The  train 
load  eastbound  was  increased  to  1,700 
tons  on  the  up-grades,  and  2,700  tons 
on  the  level  stretches ;  westbound,  the 
load  from  end  to  end  was  1,700  tons. 
Under  the  conditions  then  existing  it 
was  impossible  to  haul  more  than  900 
tons  over  the  division,  and  to  do  this 
required  a  tender,  which,  when  loaded, 
weighed  120  tons,  making  a  dead 
weight  of  tender  alone  equal  to  nearly 
12  per  cent,  of  the  total  train  weight. 
All  this  was  saved  by  electric  service. 

It  was  proposed  to  use  electric  loco- 
motives equipped  with  induction  mo- 
tors operating  at  3,000  volts,  the 
locomotives  to  weigh  150  tons,  and  to 
exert  a  continuous  draw-bar  pull  of 
60,000  pounds  at  20  miles  per  hour. 
They  were  to  have  six  pairs  of  drivers 
and  six  motors,  one  on  each  axle. 
The  maximum  speed  was  to  be  20 
miles  per  hour,  but  they  were  to  be 
connected  to  operate  also  at  10  miles 
per  hour  at  the  same  draw-bar  pull. 
There  was  to  be  a  single  power  plant, 
containing  large  three-phase  units, 
operating  at  20,000  to  30,000  volts. 
Energy  was  to  be  delivered  to  under- 
ground cables  for  the  entire  system. 
There  were  to  be  several  transformer 
stations,  changing  the  pressure  from, 
say,  30,000  to  3,000  volts,  at  which 
pressure  distributing  cables,  also  un- 
derground, were  to  deliver  the  energy 
to  the  conductor  rails,  operated  on  a 
sectional  system,  so  that  the  rails  were 
alive  only  when  a  train  was  on  the  sec- 
tion. There  were  to  be  no  overhead 
wires  at  any  point. 

The  total  estimated  cost  of  this 
equipment,  including  a  power-house 
of  30,000  kilowatts  capacity,  under- 
ground cable  system,  insulators,  con- 
ductor rails,  transformers,  and  60  lo- 
comotives was  from  $7,000,000  to 
$8,000,000,  depending  upon  the  de- 
tails of  the  plan  adopted. 

The  cost  of  operation  of  the  power 
house  was  put  at  0.3  cent  per  kilowatt- 
hour.  In  considering  this  low  figure, 
it  must  be  remembered  that  coal  cost 
in  the  bunkers  only  75  cents  per  ton, 
and  that  the  coal  item  in  this  total 
amounted  to  only  o.t  cent,  leaving  0.2 
cent  for  labor,  repairs,  and  sundry 
items.  There  are  a  number  of  power 
stations  in  operation  in  which  the  total 
for  all  items,  except  fuel,  is  as  low  as 
0.2  cent. 

The  cost  of  maintenance  and  in- 
spection of  the  transmission  and  dis- 
tribution system  was  estimated  to  be 
$150,000  per  year.  With  these  fig- 
ures, the  total  cost  per  day  for  the 
different  outputs  of  the  power  station 
was  as  follows: — 


To  move  a  tonnage  of  150,000  per 
day  required  150,000  kilowatt  hours, 
making  a  daily  cost  of  $865.  The 
comparative  cost  of  steam  and  electric 
service  per  train-mile  on  these  as- 
sumptions was : — 

Steam 


1     Engine  Repairs 


9.9  cts. 


Wages,  Firemen  and  Engineers  12. i 

Wages,  Train  Crew  9.0 

Fuel  13.3 

Other  Expenses  5.2 


Electric 
4.0  cts. 

10. o 
7.0 

47-5 


Total  per  Train-mile        49.5  cts.      68.5  cts. 

A  comparison  of  the  operation  of 
the  two  services  gave  the  following  re- 
sults:— 


Tonnage  per  day 
Mileage  per  day 
Cost  per  Train-mile 

ost  per  day 
having  by  Electricity  per  day 
Saving  by  Electricity  per  year 


Steam  Electric 

51,000  51,000 

6  500  2,100 

$0,495  $0-685 

$3,220  $1,440 

$1,780 

$650,000 


Daily  Output  in  KW-hours 
100,000 
150,000 
200,000 
250,000 


Cost  per  Day 

5713 
.865 
1015 
116s 


In  these  tables  the  cost  of  the  steam 
service  was  based  upon  the  cost  of 
operation  of  the  road  under  existing 
conditions ;  the  cost  for  the  electric 
service  was  arrived  at  by  consultation 
with  the  engineers  of  the  road,  and 
after  as  thorough  a  consideration  of 
the  problem  as  was  possible.  For  the 
electric  service,  the  first  item,  "engine 
repairs,"  was  based  on  the  experience 
of  the  Baltimore  &  Ohio  Railroad  in 
the  operation  of  the  electric  locomo- 
tives that  it  had  used  for  several  years. 
The  second  item,  "wages  of  firemen 
and  engineers,"  was  taken  at  a  slight- 
ly less  figure  than  the  corresponding 
item  for  stelm  service.  This  was  on 
the  assumption  that  two  engineers 
would  be  required  on  the  electric  loco- 
motive on  a  train,  but  only  one  on  the 
helper,  or  switching  locomotive,  and 
that  the  proportion  of  "idle"  helper 
mileage  was  cut  down  greatly.  It  is 
probable  that  this  item  would  have 
been  reduced  still  further  by  lesser 
wages  that  could  be  paid  to  the  elec- 
tric engine  drivers.  The  wages  of  the 
train  crew  were  reduced,  on  the  as- 
sumption that  one  member  of  each 
train  crew  could  be  dispensed  with. 
The  braking  would  be  done  princi- 
pally by  the  motors,  and  the  train 
crew  would  have  comparatively  little 
to  do.  The  last  item  in  the  cost  of 
electric  service  is  the  total  cost  of  op- 
eration and  maintenance  of  the  elec- 
tric system  itself,  based  on  an  output 
of  150,000  kilowatt  hours  per  clay,  and 
assuming  a  loss  of  15  per  cent,  from 
power  house  to  motors.  The  total 
cost  per  train  mile  is  68.5  cents  for 
electric  service,  as  against  49.5  cents 
for  steam — a  considerable  increase  ; 
but  the  reduced  mileage  required 
makes  an  annual  saving  of  $650,000. 
This  is,  say,  8.65  per  cent,  to  cover 
interest  and  depreciation. 

There  are  several  other  ways  in 
which  electric  operation  would  show  a 
saving  over  steam  operation,  but  it  is 
hard  to  estimate  their  money  value. 
There   should   be  a   reduction   in  the 


cost  of  maintenance  of  permanent 
way, of  structures,  and  of  cars.  Because 
of  the  very  heavy  grades,  the  rails  on 
this  division  wear  out  very  rapidly. 
With  the  reduced  wheel  base  pro- 
posed for  electric  locomotives,  there 
should  be  a  decided  improvement  at 
this  point.  Similarly,  with  electric 
locomotives  there  would  be  no  recip- 
rocating motion,  and,  what  is  more 
important  probably,  no  "nosing,"  or 
side  pressure,  on  the  rails,  tending  to 
spread  them.  Further,  the  entire  cost 
of  maintenance  of  water  tanks  and 
coal  station  would  be  eliminated,  and 
the  train  mileage  necessary  to  supply 
coal  to  the  different  coaling  stations 
-  a  considerable  item  —  would  be 
saved.  There  would  also  be  a  saving 
in  the  maintenance  of  car  equipment, 
due  to  the  use  of  the  motors  them- 
selves as  brakes.  The  number  of  flat 
and  broken  wheels  and  the  wear  of 
brake  shoes  is  very  great  on  this  di 
vision. 

Electric  service  would  show  in- 
creased economies  with  each  increase 
in  tonnage  hauled.  The  equipment  as 
estimated  here,  except  for  the  increase 
in  the  number  of  locomotives  re- 
quired, would  be  sufficient  for  a  large 
addition  to  the  tonnage ;  in  fact,  for  a 
tonnage  of  75,000  per  day,  the  in- 
creased investment  would  be  only 
about  $1,500,000,  and  the  train-mile 
cost  would  be  reduced  to  58  cents. 

These  figures  of  an  actual  case  indi- 
cate that  under  some  conditions  even 
the  hauling  of  heavy  freight  trains  by 
electricity  may  be  well  worth  serious 
consideration. 


An    Electrica.1    Apprenticeship 
School 

THE  General  Electric  Company 
has  established  a  school  in 
connection  with  its  appren- 
ticeship course  at  its  Lynn  (Mass.) 
works.  Graduation  from  the  gram- 
mar school  is  required  a?  a  qualifi- 
cation in  entering  upon  apprentice- 
ship work,  and  the  apprentice  school 
supplements  in  a  practical  man- 
ner the  ordinary  grammar  school 
work.  The  teachers  in  the  school 
are  practical  men,  such  as  engi- 
neers, draftsmen  and  foremen,  and 
are  consequently  in  daily  touch  with 
the  practical  work  of  the  factory  and 
factory  requirements.  The  curricu- 
lum of  the  school  lays  special  stress 
upon  the  practical  application  of  arith- 
metic, the  study  of  practical  physics 
and  manufacturing  processes  in  gen- 
eral. The  object  of  the  school  is  to 
get  young  men  capable  of  assuming 
broad  responsibilities  and  of  becom- 
ing foremen,  superintendents,  etc. 


Edison   Centred  Station   Lighting  and   Power 
Service   on   Manhattan   Island 


From   1882   to   1903 


By  J.  W.  LIEB,  Jr.,  Associate  GeneraJ  Manager  of   the  New  York  Edison  Company 


SEVERAL  years  ago,  in  an  address 
before  the  New  York  Electrical 
Society,  the  writer  gave  some 
reminiscences  in  connection  with  the 
starting  up  of  the  old  Pearl  Street 
Edison  station  in  the  city  of  New 
York,  and  a  brief  outline  of  the  elec- 
tric lighting  industry  up  to  the  time 
when  that  station  was  put  into  opera- 
tion. It  may  be  of  interest  here  to 
review  the  substance  of  that  address, 
and  then  institute  a  comparison  with 
the  Waterside  station  of  The  New 
York  Edison  Company,  which  at  the 
time  of  its  inception  marked  an  im- 
portant step  forward  in  the  progress 
of  the  art  of  electric  lighting  from 
central  stations. 

The  retrospect  is  in  this  case  par- 
ticularly instructive,  for,  aside  from 
the  arrangement  of  the  engines  which 
in  the  old  Pearl  Street  station  were 
located  on  a  steel  structure  above  the 
boilers,  that  station  was  a  prototype 
of  many  installed  in  later  years,  and 
in  one  respect  at  least  it  was  superior 
to  any  installed  in  the  following  dec- 
ade, namely,  in  the  use  of  direct-con- 
nected generators. 

The  old  Pearl  Street  station  was 
started  at  3  o'clock  in  the  afternoon 
of  September  4,  1882.  Orders  had 
been  given  that  a  circuit  breaker  of 
one  of  the  Edison  ''Jumbo"  dynamos 
should  be  closed  at  that  hour,  estab- 
lishing, for  the  first  time,  connection 
between  the  station  "bus"  bars  and 
the  underground  system,  thereby  for- 
mally inaugurating  the  service  of  the 
first  central  station  in  the  United 
States  equipped  for  the  commercial 
supply  of  current  for  light,  heat  and 
power  through  a  complete  system  of 
underground  conductors  and  interior 


wiring. 


At  the  offices  of  Messrs.  Drexel, 
Morgan  &  Company,  on  Wall  Street, 
were  gathered  a  group  of  prominent 
financiers  and  enthusiasts  centered 
around  that  interesting  and  original 
figure,  Thomas  Alva  Edison.  All 
were  awaiting  eagerly  the  "bursting 
into  glory" "of  the  incandescent  lamps 
distributed  throughout  the  offices,  sig- 
naling the  realization,  at  last,  of  the 


hopes  and  dreams  of  confident  capi- 
talists and  enthusiastic  disciples  of  the 
"wizard  of  Menlo  Park." 

To  appreciate  the  enormous  prog- 
ress that  has  been  made  in  industrial 
applications  of  electricity  within  the 
past  15  years,  it  may  prove  interesting 
and  instructive  to  take  a  look  into  that 
historic  station  and  examine  the  de- 
tails of  its  electrical  and  mechanical 
equipment.  No  better  idea  of  the 
status  of  the  electric  lighting  industry 
at  the  time  the  Pearl  Street  station 
was  opened  for  service  can  be  given 
than  by  quoting  the  following  extract 
from  the  first  annual  report  of  the 
Edison  Company  for  isolated  light- 
ing, dated  November  21,  1882: 

"When  this  company  was  formed  a 
year  ago,  the  business  of  isolated 
lighting  was  entirely  undeveloped, 
and  no  data  existed  whereby  the  fu- 
ture development  of  the  business 
could  be  foretold.  At  that  time  Mr. 
Edison  was  making  but  one  size  of 
isolated  dynamo,  namely,  the  'Z'  dyn- 
amo (60  lights).  We  had  no  reliable 
steam  engine;  the  innumerable  de- 
tails relating  to  installations,  such  as 
fixtures,  safety  catches  and  other  ap- 
pliances, were  still  unperfected,  or 
were  not  manufactured  on  a  suitable 
scale.  There  had  been  but  eight  iso- 
lated plants  installed  or  in  process  of 
installation,  and  but  one  or  two  of 
them  were  in  operation.  We  had  no 
force  of  employees  beyond  a  few  con- 
nected with  the  New  York  office  of 
the  company,  and  but  little  prepara- 
tion had  been  made  for  the  develop- 
ment of  the  business.  Such  was  the 
condition  of  the  isolated  business 
when  the  company  was  formed. 

"One  of  the  first  things  done  by  the 
company  after  its  business  had  been 
systematized,  was  to  take  up  the  sub- 
ject of  procuring  additional  dynamos 
besides  the  'Z'  dynamos,  and  also 
suitable  engines.  At  a  meeting  of  the 
board  of  directors,  held  January  26, 
1882,  the  subject  of  additional  sizes  of 
dynamos  was  discussed,  and  arrange- 
ments were  made  with  Mr.  Edison  for 
the  construction  of  experimental 
dynamos  of  additional  sizes.     The  re- 


sult was  the  production  of  two  com- 
mercial dynamos  in  addition  to  the 
'Z'  dynamo,  one  being  known  as  the 
'L,'  or  150-light  dynamo,  and  the 
other  as  the  'K,'  or  250-light  dynamo. 
Arrangements  are  now  being  made 
for  the  construction  of  a  still  larger 
dynamo  for  isolated  lighting,  pcpb- 
ably  one  of  350  lights.  Regarding 
engines,  great  difficulty  was  experi- 
enced in  obtaining  an  engine  adapted 
to  our  special  needs." 

To  that  time— October,  1882 — the 
company  had  installed  in  all  123 
plants,  with  a  total  of  21,998  lamps. 
Among  these  were  several  of  consid- 
erable size,  and  a  few  small  central 
stations  in  country  towns  like  Apple- 
ton,  Wis. ;  Shamokin  and  Sunbury, 
Pa. ;  Brockton,  Mass.,  etc.,  all  of 
which  were  supplying  current 
through  overhead  systems.  Such 
was  the  state  of  the  incandescent 
lighting  industry  when  the  Pearl 
Street  station  was  about  ready  for 
operation. 

Fires  were  built  under  the  boilers 
for  the  first  time  on  June  29;  the  first 
dynamo  was  started  July  5,  and  it  was 
tested  on  a  bank  of  1,000  lamps  in  the 
station  July  8.  Then  followed  a  pe- 
riod of  tests  and  experiments  which 
kept  Mr.  Edison  and  his  assistants 
busy  day  and  night,  the  public  press 
meanwhile  being  filled  with  all  kinds 
of  wild  rumors  in  explanation  of  the 
delay  in  lighting  the  district. 

In  examining  the  prominent  fea- 
tures of  this  historic  plant,  we  shall 
find,  in  one  form  or  another,  the  es- 
sential elements  of  the  best  modern 
practice  in  central  station  construc- 
tion. While  it  is  true  that  some  of 
the  apparatus  was  crude  and  elemen- 
tary in  form  as  compared  with  pres- 
ent types,  it  amply  demonstrates  Mr. 
Edison's  phenomenal  anticipation  of, 
and  provision  for,  the  broad  lines 
which  have  made  the  Edison  system 
so  successful. 

The  station,  as  at  first  projected, 
occupied  the  premises  257  Pearl 
Street;  255,  which  was  to  serve  for 
future  extension,  was  temporarily 
used  as  a  storeroom  and  shops  for  the 
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THE     NEW     WATERSIDE    STATION     OF    THE     NEW     YORK     EDISON     COMPANY 


underground  department.  To  pre- 
pare the  building  for  the  reception  of 
machinery,  a  heavy  iron  structure  of 
girders  and  columns,  not  unlike  the 
elevated  railway  structure,  was  set  up, 
the  boilers  being  below,  and  the  en- 
gines and  dynamos  resting  on  the 
girder  platform  above.  The  steam 
plant  consisted  of  four  Babcock  & 
Wilcox  boilers  of  240  horse  power 
each,  with  the  necessary  equipment  of 
steam  pipes,  heaters  and  feed  pumps; 
coal  and  ash  conveyers  and  a  blower 
for  forced  draught  completed  the 
equipment  and  auxiliaries.  The  en- 
gine equipment  as  originally  planned, 
consisted  of  six  Porter-Allen  engines, 
11  1-16  inches  by  16  inches,  each  of 
which  developed  a  maximum  of  200 
horse  power  at  350  revolutions.  The 
dynamos  were  of  the  old  "Jumbo" 
type,  one  of  the  first  examples  of 
direct-connected  slow-speed  units, 
each  having  a  capacity  of  750  am- 
peres at  120  volts  when  running  at  a 
speed  of  350  revolutions  per  minute. 

The  conditions  imposed  upon  the 
engines  were  so  severe  that  but  few 
engine  builders  dared  attack  the  prob- 
lem. High  piston  speed,  close  regu- 
lation, accurate  balancing,  limited 
space  and  great  strength  required  to 
stand  the  sudden  applications  of  load, 
made  the  use  of  the  ordinary  engine 


impossible.  A  number  of  types  of 
engine  were  therefore  especially  de- 
veloped for  this  work,  at  least  two  of 
which  are  still  recognized  in  the  mar- 
ket as  standard  types  of  construction. 

In  the  preliminary  tests  of  the  en- 
gines and  dynamos  while  under  load, 
unexpected  difficulties  developed  in 
connection  with  the  operation  of  the 
steam  dynamos  in  parallel.  There  was 
a  continual  tendency  to  shift  the  load 
from  one  engine  to  the  other,  a  see- 
sawing of  the  governors  and  great 
variations  of  speed,  accompanied  by 
brilliant  pyrotechnic  effects,  that 
threatened  the  destruction  of  both  en- 
gines and  dynamos — a  difficulty  par- 
tially overcome  by  coupling  the  levers 
of  the  governors  to  a  common  rock 
shaft.  Eventually  Armington  & 
Sims  engines  were  developed,  which 
completely  solved  this  difficulty,  and 
this  type  replaced  several  of  the  Por- 
ter-Allen engines. 

The  armatures  of  the  "Jumbo" 
dynamos  were  27  inches  in  diameter 
and  61  inches  long,  and  each  weighed 
nearly  10,000  pounds;  the  copper 
armature  bars  weighed  590  pounds 
and  the  armature  disks  1,500  pounds. 
Each  machine  had  12  field  magnets, 
of  which  8  were  connected  to  the  up- 
per pole-pieces  and  four  to  the  lower; 
the    copper    wire    on    the    magnets 


weighed  1,500  pounds,  and  the  total 
weight  of  the  magnetic  circuit  was 
something  over  33,000  pounds.  The 
base  plate  weighed  10,300  pounds,  the 
dynamo  44,800  pounds,  the  engine 
6,450  pounds,  making  the  total  weight 
of  the  complete  unit  61,550  pounds. 
The  progress  made  in  dynamo  con- 
struction since  these  machines — 
which  were  considered  marvelous  in 
their  day— -were  built  is  shown  by 
comparision  with  a  modern  slow- 
speed  multipolar  dynamo,  which,  of 
approximately  the  same  capacity, 
weighs  only  one-fifth  as  much,  occu- 
pies but  one-third  the  floor-space,  and 
has  a  much  higher  efficiency.  The 
"Jumbo"  dynamos  heated  seriously, 
and  the  commutators  sparked  vicious- 
ly under  full  load,  and  it  was  neces- 
sary to  use  an  air  blast  to  keep  the 
temperature  down. 

It  will  doubtless  cause  surprise  to 
learn  that  the  Pearl  Street  station  was 
started  and  operated  for  some  time 
without  a  single  voltmeter  or  amme- 
ter; in  fact,  the  station  switchboard, 
the  central  keyboard  from  which  the 
modern  station  is  controlled,  was  al- 
together absent  in  this  case.  The 
dynamo  and  distributing  switches, 
field  regulators,  etc.,  were  located 
without  any  attempt  at  centralization. 
The  voltage  was  maintained  with  fair 
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ONE  OF  EIGHT  3,50O  K.  VV.  40-POLE  ALTERNATING  CURRENT,  THREE-PHASE,  REVOLVING  FIELD  GENERATORS  BUILT  FOR  THE  NEW 
WATERSIDE  STATION  OF  THE  NEW  YORK  EDISON  COMPANY,  BY  THE  GENERAL  ELECTRIC  COMPANY,  SCHENECTADY,  N.  Y.,  DIRECT-CONNECTED 
TO  A  WESTINGHOUSE  COMPOUND  ENGINE,  WITH  43^-INCH  HIGH-PRESSURE  AND  7Sj^-INCH  LOW-PRESSURE  CYLINDERS.  STROKE,  60 
INCHES.   THESE  ENGINES  ARE  DESIGNED  FOR  5,200  TO  5,500  H.  P.  AT  A  MAXIMUM   ECONOMY,  AND  CAN  CARRY  A  LOAD  OF  8,000  H.  P.  IF  NEEDED 
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approximation  from  the  indications 
produced  by  an  electro-magnet  con- 
nected across  the  circuit,  the  armature 
of  which  carried  a  contact  lever  play- 
ing between  high  and  low  contacts, 
the  pull  of  the  magnet  being  balanced 
against  an  adjustable  spiral  spring. 
These  contacts  closed  a  relay  circuit 
having  a  red  and  a  blue  lamp,  the  red 
lamp  lighting  when  increased  voltage 
gave  the  pull  of  the  magnet  the  ascen- 
dancy, and  the  blue  lamp  when  the 
voltage  dropped  so  as  to  give  the 
spring  the  advantage.  This  appara- 
tus was  carefully  graduated  and  ad- 
justed by  comparision  with  the  elec- 
tro-motive force  of  a  standard  bat- 
tery. 

The  station  "bus"  bars  were  built 
up  of  the  half-round  copper  bars  of 
the  Edison  two-wire  tubes,  and  the 
main  dynamo  switches — ponderous 
affairs,  as  big  as  hay-cutters — estab- 
lished connection  between  the  dyna- 
mos and  the  "bus."  The  "bus"  bars 
extended  to  the  Pearl  Street  end  of 
the  station,  and  from  this  point  cop- 
per lugs,  carrying  safety  catches,  dis- 
tributed the  current  to  the  feeders 
entering  the  Pearl  Street  vault.  The 
field  regulators  for  each  dynamo  were 
built  up  of  40  or  50  large  resistance 
boxes  wound  with  strands  of  copper 
wire.  They  were  so  colossal  that  the 
regulators  for  the  six  dynamos,  to- 
gether with  the  connecting  shaft  and 
gear  for  operating  the  switch  quad- 
rants separately  or  together,  took  up 
nearly  the  entire  floor  above  the  dyna- 
mo room. 

The  underground  system  of  mains 
and  feeders — then  of  the  two-wire 
system — had  a  length  of  about  18 
miles.  The  territory  supplied  was 
about  one  square  mile  in  area,  extend- 
ing from  Wall  Street  to  Spruce  and 
Ferry  Streets,  and  from  Nassau 
Street  to  the  East  River. 

The  Edison  underground  tubes  for 
the  two-wire  system  differed  from  the 
present  type  in  having  two  conduc- 
tors of  nearly  semi-circular  section, 
instead  of  three  copper  rods  used  in 
the  three-wire  system,  and  were  sepa- 
rated by  paraffined  cardboard  disks, 
instead  of  spirally- wound  jute  rope 
before  filling  with  compound.  The 
coupling  joints  of  the  20-foot  lengths 
were  made  of  solid  copper  loops  in- 
stead of  stranded  cable.  At  the  time 
of  laying  the  underground  system, 
many  of  the  tubes  of  large  and  small 
conductor  section  were  bent  by  a  spe- 
cial machine  to  the  angle  necessary  to 
overcome  the  obstacles  encountered  in 
the  streets,  instead  of  using  angle 
boxes,  and  many  of  the  faults  that  de- 
veloped in  the  early  days  were  due  to 
contacts  in  these  bends. 

In  laying  out  the  first  district  and 
determining  the  number  and  location 
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of  the  feeders,  a  model  of  the  district 
was  prepared  to  scale,  small  spools, 
with  resistances  proportioned  to  the 
number  of  lamps,  indicating  the  num- 
ber of  important  installations.  Wires, 
representing  the  system  of  mains, 
were  drawn  along  the  block  faces  and 
connected  at  the  corners,  thereby 
forming  a  complete  network.  The 
location  of  the  feeder  connections  was 


experimentally  determined  by  actually 
sending  current  into  the  spools  and 
wires  and  locating,  by  actual  measure- 
ments with  a  galvanometer,  the  most 
favorable  points  of  connection  to  give 
an  approximately  uniform  distribu- 
tion of  potential  over  the  system. 

Much  of  the  interior  wiring  was 
cleat  work,  and  I  am  sorry  to  say  that 
the  dangerous  iron  staple  was  also  in 
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evidence.  Many  of  the  first  installa- 
tions were  equipped  with  wire  having 
paraffined  cotton  braid  insulation,  but 
nearly  all  of  this  wire  was  replaced 
before  the  current  was  turned  on  the 
system. 

From  the  beginning,  Mr.  Edison 
considered  the  meter  one  of  the  essen- 
tial elements  of  a  system  for  commer- 
cial supply  of  current  for  light  and 
power,  and,  as  soon  as  the  station  was 
started,  arrangements  were  made  to 
introduce  the  Edison  chemical  meter. 
The  first  bills  based  on  the  amount  of 
current  consumed,  as  shown  by  the 
meter,  were  rendered  after  the  station 
had  been  in  operation  a  few  months. 

The  Edison  lamps  in  use  at  that 
time  were  of  8  candle-power  (two  in 
series,  of  50  volts  each),  16  candle- 
power  and  32  candle-power,  with  an 
efficiency  of  4  2/3  watts  per  candle. 
On  October  1,  1882 — as  stated,  the 
station  was  started  September  4, — 59 
customers,   having  an   installation   of 
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1,284  lamps,  were  connected;  this 
number  was  increased  on  January  I, 
1883,  to  231  customers,  with  3,477 
lamps  connected,  and  wiring  had  been 
installed  for  5,328  lamps. 

At  the  time  tne  first  lighting  district 
in  New  York  was  canvassed,  great 
importance  was  attached  to  the  prob- 
able use  of  current  to  operate  electric 
motors,  and  a  map  was  prepared 
showing  the  location  and  capacity  of 
all  steam  and  power  plants  in  the  dis- 
trict. It  was  not  until  1884,  however, 
that  motors  were  connected  with  the 
system.  The  first  arc  lamp  was  con- 
nected to  the  system  in  1889. 

Such  was  the  old  and  historic  Pearl 
Street  station  and  the  district  it  sup- 
plied, and  such  it  continued,  with 
slight  additions  and  changes  as  ex- 
perience was  gained,  and  increased 
demand  for  current  suggested  im- 
provements, until  destroyed  by  fire  in 
January,  1890. 

The  writer  will  not  dwell  upon  the 
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other  stations  installed  in  New  York 
during  the  period  from  1882  to  1898, 
of  which  the  Duane  Street  station, 
erected  in  1893,  was  the  most  impor- 
tant, embodying  such  new  features  as 
a  return  to  direct-connected  units, 
vertical  triple  and  quadruple  expan- 
sion engines,  220  lbs.  steam  pressure, 
the  edgewise  switchboard  system,  and 
others,  but  will  proceed  at  once  to  the 
consideration  of  the  Waterside  station 
of  The  New  York  Edison  Company, — 
a  typical  modern  power  plant  now 
rapidly  approaching  its  full  equip- 
ment. 

The  station  is  located  on  First  Ave- 
nue, between  Thirty-eighth  and  Thir- 
ty-ninth Streets,  the  rear  facing  the 
East  River  and  covering  an  area  272 
feet  x  197  feet.  The  station  is  divided 
longitudinally  into  two  parts,  the  main 
operating  room  115  feet  wide,  and  the 
boiler  room  in  two  stories,  each  76  feet 
wide,  above  which  is  located  the 
coal  bunker  with  a  capacity  of  10,000 
tons. 

The  present  equipment  consists  of 
56  boilers  of  the  Babcock  &  Wilcox 
type,  made  by  the  Aultman  &  Taylor 
Machinery  Company,  of  Mansfield,  O., 
each  boiler  having  6,500  square  feet  of 
heating  surface.  Sixteen  of  the  boilers 
are  equipped  with  "Roney"  stokers, 
the  remainder  with  flat  grates,  a  com- 
plete   blower    system    supplying    the 


forced    draught, 


enabling    the    small 
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sizes  of  anthracite  coal  to  be  used -on 
the  flat  grates. 

The  generating  equipment  consists 
of  eleven  Westinghouse  engines  of  the 
marine  type,  vertical,  three-crank, 
with  one  high  and  two  low-pressure 
cylinders,  eight  of  them  direct-con- 
nected to  General  Electric  and  three 
to  Stanley  three-phase  generators. 
The  high-pressure  cylinders  are  43^ 
inches  in  diameter,  the  low-pressure 
cylinders,  75I  inches,  with  a  stroke  of 
5  feet,  and  with  a  speed  of  75  revolu- 
tions per  minute.  The  engines  are 
designed  to  indicate  5,200  to  5,500 
horse  power  at  most  economical  load, 
with  a  maximum  capacity  of  8,000  to 
9,000  horse  power.  The  generators 
are  of  the  revolving  field  type,  40 
poles,  generating  25-cycle  alternating 
current  at  6,600  volts,  with  a  capacity 
of  4,500  kilowatts. 

In  addition  to  the  eleven  engines 
above  referred  to,  there  will  be  in- 
stalled during  the  coming  year  a 
Curtis  steam  turbine,  built  by  the  Gen- 
eral Electric  Company,  of  Schenectady, 
New  York,  of  a  rated  capacity  of 
5,000  kilowatts,  leaving  room  for  four 
more  generating  sets,  bringing  the  to- 
tal generating  equipment  up  to  ap- 
proximately 75,000  kilowatts  (rated). 
Current  for  field  excitation  is  supplied 
by  three  150-kilowatt  motor-generator 
sets,  the  induction  motors  operating  at 


February,  1904 


THE     ELECTRICAL     AGE 


79 


6,600  volts,  and  the  generators  deliver- 
ing 300  volts. 

In  order  to  provide  an  adequate  re- 
serve against  any  interruption  of  the 
exciting  current,  the  station  is  pro- 
vided with  a  storage  battery  with  a 
capacity  of  8,000  ampere-hours,  at  a 
10-hour  rate  at  135  volts;  a  second 
similar  battery  supplies  current  as  a 
reserve  capacity  to  the  local  distribut- 
ing plant. 

The  station  has  a  complete  equip- 
ment of  coal  and  ash-conveying  ap- 
paratus for  receiving  coal  from  the 
bulkhead  and  delivering  it  to  the 
bunkers,  and  for  discharging  ashes 
into  scows  on  the  water  front.  The 
station  serves  also  as  a  distributing 
station  for  the  territory  between  the 
East  River  and  Third  Avenue,  from 
Twenty-third  to  Forty-second  Streets, 
three  500-kilowatt  motor-generator 
sets  transforming  current  for  distribu- 
tion to  the  direct-current  low-tension 
Edison  three-wire  system. 

The  high-tension  current  leaves  the 
station  by  fifty  high-tension,  three- 
phase  feeders,  each  conductor  having 
a  copper  section  of  250,000  circular 
mils.  These  feeders  distribute  cur- 
rent, many  of  them  by  alternate  routes, 
to  twenty  annex  stations,  from  which 
current  is  sent  out  either  as  low-ten- 
sion direct  current  or  as  high-tension 
60-cycle  alternating  current. 

It  is  unnecessary  at  this  time  to  go 
into  details  as  to  the  distributing  sys- 
tems, as  these  have  been  referred  to 
many  times  previously. 

The  diagram  on  the  opposite  page 
gives  some  idea  of  the  rate  of  progress 
made  in  electrical  applications  in  New 
York  City,  from  the  insignificant  in- 
stallations as  supplied  from  the  old 
Pearl  Street  station,  when  it  was  first 
started,  as  previously  mentioned,  to 
the  installation  equivalent  connected 
to  the  system  as  indicated  on  the  dia- 
gram on  November  30,  1903. 

On  that  date  there  were  connected 
to  the  Edison  system  on  Manhattan 
Island  1,396,848  incandescent  lamps, 
16,337  arc  lamps,  2,150  kilowatts  in 
storage  batteries  and  heating  appli- 
ances, and  76,873  horse  power  in  mo- 
tors,— a  total  of  2,707,320  sixteen  can- 
dle-power equivalents. 

Some  idea  of  the  current  necessary 
to  supply  this  installation  may  be  ob- 
tained from  the  diagram  on  this  page, 
which  shows  the  low-tension  direct- 
current  output  delivered  to  the  low- 
tension  feeder  system  on  one  of  the 
days  of  heavy  load  during  the  past 
year. 

The  above  installation  figures  by 
themselves  afford  but  a  limited  idea  of 
the  extent  to  which  the  central  station 
electricity  supply  has  entered  into  the 
industrial  and  social  life  of  the  com- 
munity.   The  myriads  of  lamps  visible 
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in  stores,  shop  windows  and  in  flaring 
electric  signs,  are  a  conspicuous  evi- 
dence of  the  many  applications  of  cen- 
tral station  service,  and  afford  an  in- 
dex of  the  very  general  use  of  elec- 
tricity in  catering  to  the  pleasure  and 
convenience,  as  well  as  the  needs,  of 
the  public. 


The    Theory   of    R.a.dium 

IN  an  interesting  lecture  on  radium, 
delivered  at  Birmingham,  Eng- 
land, a  short  time  ago,  Sir  Oliver 
Lodge,  the  speaker,  claimed  that  al- 
though when  the  X-rays  were  discov- 
ered theory  was  for  a  moment  behind- 
hand, this  was  not  the  case  with 
radium,  since  the  theory  of  bodies  of 
this  kind  had  already  been  worked 
out.  This  theory  is  due  to  the  labors 
of  many,  but  to  two  investigators  in 
particular,  in  Sir  Oliver's  judgment, 
namely,  Messrs.  Larmor  and  Thom- 
son, now  professors  of  mathematics 
and  physics,  respectively,  at  Cam- 
bridge. 

From  them  and  others  we  learned, 
the  lecturer  said,  that  electricity  ex- 
isted in  small  particles,  which  could,  in 
a  manner,  be  "seen"  in  the  cathode  or 
Crookes'  rays,  and  which  were  called 
electrons.  These  compose  the  atoms 
of  matter.  Atoms  are  small ;  three 
hundred  million  of  them  could  lie  in 
a  row  side  by  side  in  an  inch.     But 


electrons  are  very  much  smaller,  ioo,- 
ooo  of  them  could  lie  in  the  diameter 
of  an  atom,  for  they  are  a  thousand 
million  million  times  smaller  in  bulk 
than  atoms  are.  An  atom  of  matter 
as  near  as  can  be  estimated  at  present, 
consists  of  positive  and  negative  elec- 
tricity, and  nothing  else ;  the  negative 
electrons  in  a  state  of  violent  move- 
ment, with  occasional  possibility  of 
escape.  An  electric  charge  in  motion 
constitutes  all  the  electric  currents  and 
magnetism,  and  it  possesses  moment- 
um ;  further,  when  accelerated,  it 
should,  by  Poynting's  theorem,  gene- 
rate radiation. 

Hence,  on  the  view,  or  mathemati- 
cal theory,  that  the  atom  is  actually  so 
constituted,  the  absence  of  atomic  radi- 
ation in  1895  was  a  difficulty ;  the 
escape  of  the  electrons  as  projectiles 
was  probable ;  and  soon  afterwards  it 
was  realized  that,  since  the  atom  was 
composed  of  parts,  the  occasional  dis- 
integration of  an  atom  was  not  un- 
likely. These  three  expected  effects 
have  now  been  experimentally  ob- 
served in  the  radiation  from  two  or 
three  different  elements,  and  constitute 
what  are  called  the  gamma  rays,  the 
beta  rays,  and  the  alpha  rays  respect- 
ively.   

A  branch  of  the  American  Institute 
of  Electrical  Engineers  is  to  be 
formed  at  Atlanta,  Ga. 


Syntonic    AerograpKy 


By    LEE    DE  FOREST,    Ph.    D. 


MUCH  has  appeared  in  the  tech- 
nical and  popular  press  con- 
cerning the  question  of  inter- 
ference between  a  number  of  wire- 
less telegraph  stations  when  operating 
simultaneously,  and  the  possibilities 
of  preventing  such  interference.  Yet, 
notwithstanding,  and  possibly  because 
of  the  variety  of  conflicting  opin- 
ions and  explanations  given,  much 
misunderstanding  on  this  subject  is  in 
evidence. 

Jt  has  again  and  again  been  shown 
how  it  is  possible  for  two  wireless 
transmitters,  each  sending  out  Hert- 
zian oscillations  of  a  frequency  differ- 
ing sufficiently  from  that  of  the  other, 
to  excite  two  distinct  receiving  sys- 
tems, each  tuned  in  syntony  with  its 
own  transmitter.  This  is  easy  to  ac- 
complish provided  first  that  the  two 
wave-lengths  employed  are  sufficiently 
unlike,  and,  second,  that  neither  trans- 
mitter acts  too  powerfully  upon  that 
receiving  instrument  with  which  it  is 
not  desired  to  communicate.  The  old 
thread-bare  analogy  explains  it  very 
simply.  If  one  lifts  the  dampers  from 
the  strings  of  a  piano  and  sings  loudly 
one  clear,  long-sustained  note  into  the 
instrument,  he  will  hear  a  faint  re- 
sponse from  the  string  attuned  to  that 
note,  and  possibly  also  from  its  first, 
or  even  second,  octave  string.  Sound 
similarly  another  note,  and  the  same 
effect  is  noted  from  another  and  cor- 
responding string.  But  let  one  sing 
the  note  very  faintly  for  a  fraction  of 
a  second  only,  and  he  will  not  find  his 
string  responding ;  conversely,  let  him 
shout  loudly,  even  a  clear  note,  and 
most,  if  not  all,  of  the  strings  will  take 
it  up  to  some  extent ;  let  him  strike  the 
body  of  the  piano  a  quick,  strong  blow, 
and  every  string  vibrates  violently. 

It  is  exactly  analogous  in  wireless 
telegraphy ;  the  simple  tuned  receiver, 
as  now  generally  understood,  depend- 
ing: for  its  resonant  quality  upon  the 
self-inductance  of  a  coil  of  wire  and 
the  capacity  of  a  condenser  in  circuit 
with  its  wave  detector,  is  absolutely 
at  the  mercv  of  a  pure  tuned  wave  of 
whatever  frequency,  provided  this  be 
of  sufficient  power  when  it  reaches  the 
receiving  antenna. 

It  is,  of  course,  possible  to  cut  in  a 
resistance  in  this  receiving  antenna, 
and  to  diminish  the  strength  of  the 
impulses  received  from  the  offending 
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transmitter  so  that  these  are  no  longer 
able  to  excite  oscillations  in  a  local 
resonant  circuit  which  is  attuned  to 
quite  another  frequency.  But  at  the 
same  time  it  is  to  be  remembered  that 
this  inserted  resistance  must  also  cut 
down  the  effect  of  the  oscillations 
emitted  by  the  transmitter  which  is  in 
time  with  this  receiver,  and  which  it  is 
desired  to  hear.  Consequently,  if  this 
latter  instrument  be  less  powerful  than 
the  hostile  transmitter,  or  further  re- 
moved, it  is  impossible  by  the  existing 
methods  to  receive  its  messages  free 
from  interference. 

The    same    considerations    hold    yet 
more  stronsfh'  when  the  source  of  in- 
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terference  is  practically  an  "a-peri- 
odic"  transmitter,  or  one  giving  out 
not  a  succession  of  uniformly  timed 
impulses,  i.  e.,  a  train  of  waves,  but 
simply  a  single,  violent,  etheric  blow  ; 
a  "whip-crack,"  instead  of  the  musical 
note. 

There  is,  however,  a  method  of  pro- 
tecting a  tuned  receiver  from  all  in- 
fluences of  this  character,  and  render- 
ing it  strictly  deaf  to  any  but  pro- 
longed wave-trains  of  its  own,  or  near- 
ly its  own,  attunement ;  and  I  have  lit- 
tle fear  that  the  present  vulnerability 
of  the  so-called  protected  or  syntonic 


receivers  to  violent  hostile  impulses 
will  long  exist.  Theoretically,  this 
method  will  make  a  receiver  immune 
even  from  the  impulses  of  a  powerful 
transmitter  at  the  same  station  and 
utilizing  the  same  antenna  wires,  but 
for  actual  duplex  working,  additional 
precautions  are  necessary. 

Before  the  above  method  of  prevent- 
ing interference  from  strong  a-periodic 
impulses  is  practical  for  commercial 
working,  a  number  of  details  must  be 
refined,  and  I  hope  before  long  to  be 
able  to  disclose  the  modus  operandum 
of  this  invention,  realizing  that  to-day 
nothing  in  wireless  telegraphy  will  be 
more  useful,  or  is  awaited  with  keener 
interest  by  technical  men. 

Another  desideratum  in  syntonic 
aerography  is  the  production  of  longer 
wave-trains,  i.  c,  that  each  spark  shall 
represent,  not  as  it  generally  does  to- 
day, a  train  of  three  or  four  impulses 
rapidly  dying  away,  but  one  entailing 
ten  or  twenty  complete  oscillations. 
This  effect  will  not,  as  some  might  sup- 
pose, necessitate  slower  word-trans- 
mission, for  the  actual  duration  of  such 
long  wave-trains,  even  with  wave- 
lengths of  many  hundreds  of  feet,  is 
to  be  computed  in  ten-thousandths  of 
a  second.  Thus,  if  the  length  of  a  rad- 
iated wave  is  1,000  feet,  a  wave-train 
of  twenty  complete  oscillations,  which 
may  be  classed  as  one  but  slightly 
damped,  is  about  four  miles  in  length, 
and  46,500  such  wave-trains  per  sec- 
ond could  be  sent  out,  were  it  possible 
to  obtain  so  great  a  spark  frequency. 
But  with  the  spark  frequencies  actu- 
ally obtainable  and  desirable,  say  200 
per  second,  it  will  be  seen  that  inter- 
vals of  no  radiatjon  exist  between 
sparks  which  represent  more  than  two 
hundred  times  the  duration  of  the  ac- 
tual period  of  radiation.  To  obtain 
then  an  absolutely  undamped  train  of 
waves  would  require  the  generation  at 
each  spark  of  a  succession  of  some 
two  hundred  more  oscillations  than  the 
ordinary  oscillating  transmitter  circuit 
(containing  Leyden  jars,  inductance 
helix,  and  spark  gan',i  will  now  main- 
tain. 

If  a  hot-wire  ammeter,  ruitably 
shunted  for  its  own  protection,  be  in- 
serted in  the  antenna  or  ground  wire 
of  a  transmitter  taking  about  two 
horse  power,  it  will  show  a  reading  of 
three  or  four  amperes,  when   the  in- 
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ductance  in  the  closed  oscillating  cir- 
cuit, to  which  the  antenna  and  ground 
are  attached,  is  so  regulated  that  this 
circuit  is  "in  tune"  with  the  antenna's 
natural  period  of  vibration.  But  this 
same  hot-wire  instrument,  if  placed  in 
the  oscillating  circuit  itself,  will  show 
a  reading  twenty  or  even  fifty  times 
as  great.  This  merely  goes  to  prove 
how  small  a  part  of  the  available  en- 
ergy is  actually  sent  into  the  antenna 
and  radiated  outwards.  Were  it  pos- 
sible to  get  a  reasonable  efficiency  of 
transfer  of  energy  from''  the  oscillat- 
ing circuit  to  the  aerial  we  might  well 
expect  such  a  transmitter  as  the  above 
to  operate  over  the  Atlantic  Ocean. 
One  fact  must  be  borne  in  mind  here, 
however ;  the  antenna  system  is  poorly 
resonant  compared  with  the  closed  os- 
cillating circuit.  It  is  strongly  damped, 
and  therefore  a  good  radiator,  and  a 
hot  wire  inserted  there  is  by  no  means 
subjected  to  the  same  cumulative  heat- 
ing effect  of  the  current  passing  to 
and  fro  through  it  as  it  is  by  the  same 
number  of  amoeres  if  the  instrument 
be  located  in  a  closed,  strongly  reso- 
nant, ^  oscillating,  system.  The'  exact 
quantitative  determination,  or  compar- 
2-9 


ison  between  the  cumulative  current 
effects  in  antenna  and  oscillator  re- 
spectively, is  extremely  difficult,  and 
theory  gives  us  little  data  of  real  value 
as  a  basis  for  such  comparisons. 

Nothwithstanding  all  that  has  been 
said  concerning  the  great  inefficiency 
of  the  ordinary  spark  in  air  and  the 
large  amount  of  damping  of  the  os- 
cillations thus  resulting,  with  a  spark 
from  a  battery  of,  say,  ten  two-quart 
Leyden  jars  in  parallel,  and  not  ex- 
ceeding an  inch  in  length,  kept  clear  of 
all  arc  or  flame,  the  oscillations  are 
well  prolonged,  and  if  no  radiating  an- 
tenna and  earth  are  attached  to  the 
circuit,  the  latter  cannot  be  styled 
strongly  damped. 

Placing  the  spark-gap  under  heavy 
air  compression  undoubtedly  dimin- 
ishes the  damping  there  resulting ;  any 
such  method  for  shortening  the  spark 
length,  while  maintaining  the  spark- 
ing potential,  will  have  this  effect.  But 
what  is  most  needed  is  a  closer  linking 
of  antenna  and  oscillating  circuits — a 
more  equitable  proportioning  of  the 
respective  amounts  of  energy  in  the 
two. 

The  current  amplitudes  in  the  an- 


tenna circuit  do  not  approach  those  in 
the  exciting  and  feeding  circuit.  Here 
I  obtain  the  best  results  with  the  auto- 
transformer  connection,  i.  c,  by  mak- 
ing a  portion  of  the  helix  at  the  base 
of  the  aerial  actually  a  part  of  the  os- 
cillating circuit,  so  that  this  same  he- 
lix comprises  the  greater  part  of  the 
inductance  in  the  oscillating  circuit. 
The  same  principle  is  used  by  Profes- 
sor Slaby.  It  allows  greater  current 
densities  in  the  aerial  than  I  have  been 
able  to  obtain  with  any  transformer  of 
two  distinct  and  insulated  windings. 
The  linking  between  the  resonator  and 
radiator  circuits  is  much  more  inti- 
mate, and  the  antenna  therefore  more 
readily  takes  up  the  forced  vibrations. 
This  latter  is  a  valuable  feature ;  for 
transmission  is  invariably  better  with 
long  wave-lengths  of  oscillation,  and 
practical  considerations  render  it  gen- 
erally impossible,  where  any  quantity 
of  energy  is  to  be  radiated,  to  employ 
antennae  whose  natural  periods  of  vi- 
bration are  equal  to  those  of  the  feed- 
ing, or  oscillating,  circuits.  In  such 
a  case,  the  best  that  can  be  done  in 
attuning  the  two  is  to  choose  an  oscil- 
lating circuit   for   which   the   natural 
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period  is  a  lower  harmonic  of  the 
natural  period  of  vibration  of  the  an- 
tenna circuit,  and  then  to  so  closely 
link  the  two  circuits  that  the  antenna 
circuit  is  forced  to  vibrate  in  pulse 
with  the  oscillations  of  the  closed  reso- 
nator circuit. 

The  natural  quarter-wave-length 
of  the  antenna's  natural  vibration  may 
be  made  to  be  very  different  from  that 
of  a  simple  straight  'wire  of  the  same 
length  and  height.  Thus  it  is  common 
to  assume  that  an  antenna  consisting 
of  one  wire  200  feet  in  height  sends 
out  a  wave  800  feet  long;  but  by  ac- 
tual measurement  of  the  natural  period 
of  an  antenna  consisting  of  ten  wires, 
each  200  feet  in  length,  connected  at 
top  and  bottom,  supported  by  a  mast 
only  180  feet  in  height,  and  spread  out 
widely  midway  up,  in  fan  shape,  a 
quarter-wave-length  of  287  instead  of 
200  feet  was  obtained,  an  increase  of 
43  per  cent.  This  increase  in  the  nat- 
ural period  of  vibration  was  partially 
due  to  the  additional  capacity,  with  re- 
spect to  earth,  which  such  a  flare  fan- 
shaped  arrangement  of  wires  pro- 
duced. It  was  found  that  this  natural 
period  of  vibration  varied  somewhat 
from  day  to  day,  in  a  peculiar,  and  as 
yet  unexplainable,  manner,  clue  proba- 
bly to  variations  in  the  moisture  in  the 
earth  and  air ;  and  this  irregularity — 
almost  invariably  found  to  exist  with 
any  antenna — is  another  weighty  rea- 
son why  it  is  impossible  to  depend 
much  on  the  natural  period  of  the  ele- 
vated radiating  conductors  for  tuning, 
but  advisable  rather  to  force  the  an- 
tenna always  to  vibrate  strongly  to 
the  period  of  the  resonator  circuit, 
where  the  determinating  factors  may 
be  kept  practically  constant. 

The  same  considerations  hold  for 
the  receiving  system ;  the  antenna 
should  serve  simply  as  a  collector  of 
neutral  periodicity ;  in  other  words,  be 
so  strongly  damped  that  the  period  of 
the  received  oscillations  which  it  col- 
lects and  transmits  to  the  resonant  re- 
ceiving circuit  at  its  base  shall  not  be 
affected  by  such  vibrations  as  from 
clay  to  day  occur  in  the  natural  period 
of  vibration  of  the  antenna. 

By  this  means  we  virtually  obtain  a 
closed  resonant  circuit  at  the  transmit- 
ter operating  upon  a  closed  resonant 
circuit  at  the  receiver  through  the  me- 
dium of  two  neutral  antennae,  and 
strong  response  is  obtained  only  when 
the  resonant  circuit  of  the  receiver  is 
in  close  syntony  with  that  at  the  trans- 
mitter. 

It  has  been  abundantly  pointed  out 
that  syntony  is  very  unsatisfactory  un- 
less the  resistance  and  capacity  of  the 
receiver  itself  are  always  the  same 
upon  the  receipt  of  the  transmitted 
impulse.  This,  unfortunately,  is  not 
the  case  with  any  coherer,  microphone, 


or  auto-coherer.  In  the  filings  tube 
the  great  variant  is  the  capacity,  which 
is  surprisingly  large ;  in  the  micro- 
phone the  resistance,  which  is  consid- 
erable, varies  widely  from  time  to 
time.  As  a  result,  the  natural  period 
of    the    resonant    receiving    circuit    is 


of  this  regularity  it  is  possible  to  ob- 
tain far  better  results  in  electrical  at- 
tuning than  with  any  form  of  coherer 
or  any  practical  wave  detector  with 
which  I  am  acquainted,  save  possibly 
the  magnetic  detector ;  and  at  present 
there   is   no   comparison   between   the 
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constantly  altering,  and  close  tuning 
with  the  same  is  therefore  impossible. 
In  the  form  of  electrolytic  responder 
which  I  am  now  using  I  find  these  ele- 
ments of  resistance  and  capacity  sur- 
prisingly constant.  If  the  electro-mo- 
tive force  of  the  local  battery  as  ap- 
plied to  the  responder  is  not  too  great, 
a  delicate  galvanometer  in  the  circuit 
shows  a  constant  reading,  and  its  de- 
flections, which  are  exactly  propor- 
tional to  the  strength  of  the  received 
impulses,  are  not  capricious  or  irregu- 
lar, as  is  frequently  the  case  where  an 
auto-coherer  is  employed.    As  a  result 


sensitiveness    of    this    electrolytic    re- 
sponder and  that  of  the  detector. 


A  bit  of  electric  railway  enterprise, 
credited  to  a  company  somewhere  in 
Illinois,  is  the  rigging  up  of  a  portable 
electric  motor  for  the  use  of  the  farm- 
ers in  the  district  through  which  the 
line  runs.  Whenever  one  of  them 
wants  power  to  run  a  threshing  ma- 
chine, shedder,  wood  cutter  or  other 
machinery,  the  motor  will  be  sent 
along  on  application  and  connected 
up  with  a  portable  wire  connection  to 
the  lines  of  the  railwav. 


Electrical   ©Liid  Mechanical  Progress 


The   Woodward   Water    Wheel 
Governor 


THE  best  modern  practice  in  elec- 
trical engineering,  as  regards 
both  steam  and  water  power 
plants,  is  to  install  as  large  generating 
units  as  practicable.  In  water  power 
plants,  provision  for  this  is  some- 
times made  by  mounting  several  tur- 
bines on  one  shaft,  or  where  the  head 
too  low  to  permit  of  this,  several 


is 


turbines  are  geared  to  one  common 
horizontal  shaft  to  which  the  gener- 
ators are  direct-connected. 

It  is  for  installations  of  this  charac- 
ter that  the  Woodward  Governor 
Company,  of  Rockford,  111.,  have  de- 
signed their  horizontal  model,  com- 
pensating type,  water  wheel  governor, 
of  which  several  illustrations  are 
given  on  this  page  and  the  one 
following.  Fig.  I  represents  the  gov- 
ernor complete  with  its  accessories ; 

explains  the  controlling  mech- 
and    Fig.   3   shows   the   gov- 

connected    up    in    an 


Fig 


existing 


2 

anism 
ernor 
plant. 

Power  to  operate  the  governor  is 
taken  from  the  main  driving  shaft  by 
belt,  the  governor -pulley  shaft,  as  a 
reference  to  Fig.  1  will  show,  carrying 
a  double  beveled  friction  wheel, 
through  which  the  power  to  operate 
the  gate  is  applied.  On  either  side  of 
this  friction  wheel,  which  is  made  of 
compressed  paper,  are  friction  pans, 
with  beveled  surfaces  fitting  those  of 
the  wheel,  one  pan  being  for  opening 
and  one  for  closing  the  gates.  These 
pans  are  pressed  into  the  hubs  of  pin- 
ions which  are  loose  on  the  shaft  and 
engage  with  the  gears  on  a  back  shaft, 
one  directly  and  the  other  through  an 
intermediate  gear,  thus  giving  reverse 
movements.  The  pinions  are  held  in 
position    by    flanges    on    their    hubs, 


which  are  engaged  by  overhanging 
lips  on  the  bearing  bushings.  The 
proper  clearance  between  the  pans 
and  the  friction  wheel  is  maintained 
by  adjusting  collars  threaded  onto  the 
bearing  bushings  and  seated  in  re- 
cesses in  the  main  bearings. 


and  operated  by  a  crank  on  the  con- 
trolling mechanism. 

The  main  bearings  are  ring  oiling, 
and  from  them  an  ample  supply  of  oil 
is  carried  by  spiral  grooves  through 
the  hubs  of  the  spur  pinions  and  re- 
turned  to   the    oil    reservoir   through 


FIG.    I. — HORIZONTAL    MODEL,    COMPENSATING    TYPE    GOVERNOR,    MADE    BY    THE    WOODWARD 

GOVERNOR   COMPANY,   ROCKFORD,   ILL. 


A  thrust  collar  is  attached  to  the 
shaft,  and  by  it  the  paper  friction 
wheel  is  forced  against  one  of  the  fric- 
tion pans  whenever  it  is  necessary  to 
open  or  close  the  gates  of  the  water 
wheel.  Over  this  collar  is  fitted  a 
fork,  attached  to  the  controller  lever 


holes  in  the  hubs  of  the  pinions.  To 
prevent  oil  from  the  bearings  reach- 
ing the  friction  surfaces,  oil  pans  are 
provided  to  catch  any  that  may  work 
along  the  shaft. 

The  controlling  mechanism,  shown 
2,  is  mounted  on  an  upright 


in  Fig. 
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standard  attached  to  the  main  frame. 
The  fundamental  parts  of  this  mech- 
anism are:- — A  constantly  revolving 
double-faced  cam;  an  upright  rock 
shaft  so  connected  with  the  main  fric- 
tion shaft  that  the  latter  is  forced  end- 
ways when  the  rock  shaft  is  turned, 
this  shaft  having  pivoted  to  it  a  frame 
carrying  tappets  adapted  to  be  operat- 
ed by  the  cam;  a  speed  governor  to 
control  the  position  of  the  tappets 
with  reference  to  the  cam;  and  a  com- 
pensating device  to  limit  the  action 
of  the  speed  governor  to  compensate 
for  the  time  required  by  a  change  of 
gate  to  overcome  the  momentum  of 
the  machinery. 

The  cam  is  driven  continuously  by 
spiral  gears  and  a  belt  from  the  main 
friction  shaft.  Both  the  cam  and  the 
tappets  are  made  of  the  highest  grade 
tool  steel,  carefully  hardened  and  tem- 
pered, and  are  very  durable.  The 
tappets  slide  in  pockets  in  the  ends  of 
the  tappet  arms  and  are  held  inwardly 
by  flat  springs.  These  cause  the  fric- 
tion wheels  to  be  engaged  quietly  and 
without  jar;  their  strength  and  action 
regulates  the  pressure  applied,  and 
thus  the  power  which  the  governor 
will  transmit  to  the  water  wheel  gates. 

On  the  lower  end  of  the  rock  shaft 
is  a  crank  working  between  the  plates 
attached  to  the  sides  of  the  controlling 
lever.  This  lever  is  pivoted  in  a 
socket  attached  to  the  main  shaft 
bearing  and  carries  a  fork  fitting  over 
the  thrust  collar  on  the  main  shaft. 


high-speed  spring  type,  is  very  sensi- 
tive, and  owing  to  the  manner  in 
which  the  balls  are  suspended,  is  not 
affected  by  the  vibrations  of  other  ma- 
chinery. It  is  separately  driven  from 
the  water  wheel  or  line  shaft.  The 
speed  governor  rod  rests  upon  the  top 
of  the  tappet  frame,  pressing  down- 
wards upon  it  as  the  balls  are  thrown 
outwards  by  centrifugal  force.  To 
support  the  tappet  frame  against  this 
downward  thrust,  another  rod  passes 
down  through  the  hollow  rock  shaft 
and  is  supported  by  a  speeder  spring 
on  the  side  of  the  controlling  standard. 
When  the  speed  is  normal  the  down- 
ward thrust  of  the  speed  governor  is 
just  balanced  by  the  upward  thrust  of 
the  speeder  spring.  This  supports 
the  tappet  frame  so  that  the  cam  may 
revolve  freely  between  the  tappets 
without  touching  either.  A  limited 
adjustment  of  the  speed  can  be  made 
while  the  governor  is  in  operation  by 
varying  the  tension  of  the  speeder 
spring  with  the  thumb  nut. 

Any  variation  from  the  normal 
speed  moves  the  tappet  frame  and 
brings  one  of  the  tappets  against  the 
cam.  The  tappet  is  forced  outwards, 
turning  the  rock  shaft  and  causing  the 
proper  friction  wheel  to  be  engaged 
to  open  or  close  the  gate  as  is  needed. 
It  is  necessary,  however,  that  the 
movement  be  checked  when  the  gate 
has  been  moved  the  right  amount,  as 
this  will  be  accomplished  before  the 
speed    fully    returns    to    the    normal, 


is  a  friction  disk,  which  rests  on  a  raw- 
hide friction  wheel  on  the  diagonal 
shaft.     The  hub  of  the  friction  wheel 


FIG.   3. — WOODWARD  GOVERNOR   IN    THE  ROCK   ISLAND   ARSENAL    POWER    HOUSE,   CONTROLLING 
WHEELS    WHICH   DRIVE  ALTERNATING-CURRENT  GENERATORS     RUNNING  IN   PARALLEL 


By  throwing  the  lever  back  the  plates 
may  be  separated  so  that  the  crank 
will  not  act.  The  gates  may  then  be 
opened  or  closed  by  hand. 

The  speed  governor  used  is  of  the 


some  time  being  required  to  overcome 
the  momentum  of  the  machinery. 
This  result  is  very  accurately  obtained 
by  means  of  the  compensating  device. 
On  the  lower  end  of  the  cam  shaft 


threaded   and 
shaft. 


is 


diagonal 


fits   loosely   on   the 
The    constant    ten- 


FIG.    2. 


-CONTROLLING    MECHANISM    OF    THE 
WOODWARD    GOVERNOR 


dency  of  the  rotating  disk  is  to  cause 
the  friction  wheel  to  travel  along  the 
shaft  to  a  normal  position  at  the  cen- 
ter of  the  disk.  When  the  governor 
moves  to  open  or  close  the  gate,  the 
diagonal  shaft,  which  is  geared  to  it, 
is  turned  and  the  friction  wheel  is 
caused  to  travel  along  the  shaft,  away 
from  the  center  of  the  disk,  and  to 
raise  or  lower  the  cam  shaft.  As  soon 
as  the  gate  movement  ceases,  the  disk 
causes  the  friction  wheel  to  gradually 
return  to  the  center  and  the  cam  shaft 
to  resume  its  normal  position.  The 
movement  of  the  compensating  wheel 
is  upward  as  the  gate  is  opened,  and 
downward  as  it  is  closed,  and  always 
tends  to  separate  the  cam  from  the 
tappet  which  is  in  action. 

Stops  are  provided  to  prevent  fur- 
ther effort  when  the  gates  are  full 
open  or  closed.  These  stops  may  be 
set  to  act  at  any  point  desired.  A 
safety  stop  is  provided  which  will 
close  the  gates  should  the  speeder  belt 
break  or  the  balls  be  stopped  from  any 
cause.  In  some  plants  the  full  open- 
ing of  the  gates,  which  would  other- 
wise occur,  would  be  less  objection- 
able than  closing  them,  and  when 
such  is  not  the  case  this  stop  need  not 
be  used. 

Where  there  are  several  governor 
controlling  wheels  which  are  attached 
to  the  same  shaft,  or  which  drive  al- 
ternating-current generators  running 
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in  parallel,  as  in  Fig.  3,  a  simple  equal- 
izing device  is  provided  which  causes 
the  governors  to  maintain  the  same 
gateage,  thereby  distributing  the  load 
equally  among  the  wheels. 


Motor-Operated    Valves 

IT  is  only  about  three  years  ago  that 
the  idea  of  using  electric  motors 
for    opening    and    closing    large 
valves  was  first  seriously  considered. 
Previous  to  this,  electric  motors  had 
probably  been  used  in  a  few  isolated 


and  the  Northern  Electrical  Manufac- 
turing Company,  of  Madison,  Wis., 
went  carefully  over  the  ground  and 
considered  every  point  and  every  dif- 
ficulty to  be  overcome  in  connection 
with  using  electric  motors  for  this 
purpose.  The  result  of  their  work  is 
a  system  of  power  transmission  and 
motor  and  valve  control  which  is 
claimed  to  have  been  found  very  sat- 
isfactory. 

Under  this  system  of  valve  opera- 
tion the  motor  is  geared  direct  to  the 
valve  mechanism  and  is  always  ready 
for  operation.  The  motor  can  be 
started  at  a  central  point,  and  any  dis- 


ing  the  motor  to  the  valve,  for  if  a 
large  train  of  gears  with  bearings, 
shafts  and  supports  must  be  used  in 
order  to  obtain  the  proper  speed  re- 
duction from  the  motor  to  the  valve, 
the  whole  combination  is  apt  to  be- 
come clumsy  and  expensive.  The 
very  slow  speed  at  which  the  valve 
must  move  necessitates  either  a  very 
slow-speed  motor  or  some  mechanical 
reduction  inserted  between  the  motor 
and  valve  mechanism.  A  motor  run- 
ning at  a  low  enough  speed  to  permit 
eliminating  the  intermediate  gears, 
would  have  to  make  not  more  than 
about  150  revolutions  per  minute,  and 


FIG.    I.— MOTOR    STAND    FOR    OPERATING    A    NON-RISING    SCREW    GATE   VALVE.       THE   VALVE    IS     MANUFACTURED  BY  THE  COFFIN   VALVE 
COMPANY,  NEPONSET,  BOSTON,  MASS.;  THE   MOTOR,  BY  THE  NORTHERN   ELECTRICAL    MFG.   CO.,   MADISON,   WIS. 

cases,  but  no  one  had  undertaken  to  tance  from  the  valve  without  neces- 
sitating the  presence  of  any  one  at  the 
valve.  A  few  small  wires  constitute 
all  the  connections  between  it  and  the 


install  or  design  a  large  system  of 
valves  to  be  operated  by  them.  To 
Mr.    Gustave   Bouscaren,    of   Cincin- 


nati, Ohio,  who  as  chief  engineer  of  station.     There    are   no    packings   to 

the  Cincinnati  Waterworks  Commis-  dry  up  during  inaction  and  to  leak 

sion  has  designed  and  built  one  of  the  when   the  valve  is  being  opened  or 

most  extensive  and  up-to-date  water-  closed,   as   when  hydraulic  power   is 

works    and    filtration    plants    in    the  used;  and  there  is  no  water  to  freeze 

country,   belongs   the   honor   of  first  in  the  winter  time,  or  oil  to  drop  into 

having  designed  a  plant  of  this  kind,  the  water  mains  and  pollute  the  water 


where  electric  power  alone  is  used  for 
operating  a  large  number  of  valves. 

Mr.  Bouscaren,  in  conjunction  with 
engineers  of  the  Coffin  Valve  Com- 
pany,   of    Neponset,    Boston,    Mass., 


supply,  as  is  the  case  when  oil  is  used 
as  a  substitute  for  water  to  avoid 
freezing. 

It  is  important  that  the  fewest  pos- 
sible auxiliary  parts  be  used  in  apply- 


such  a  motor  would  be  objectionable 
for  several  reasons.  It  would  be 
about  four  times  larger  and  cost  about 
three  times  more  than  a  motor  run- 
ning normally  at,  say,  750  revolutions 
and  its  efficiency  would  be  consider- 
ably less.  If  a  train  of  gears  be  in- 
serted between  the  motor  and  the 
valve  mechanism,  there  would  have 
to  be  bearings,  shafts  and  supports, 
mounted  on  the  valve  standard,  in- 
volving considerable  additional  cost 
in  constructing,  and  such  a  standard, 
besides,  would  make  the  whole  outfit 
clumsy  and  of  special  construction. 
A  motor  which  will   give  the  de- 
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sired  slow  speed  of  about  150  revolu- 
tions, without  being  larger  or  much 
more  expensive  than  a  standard-speed 
motor,  and  not  requiring  a  valve 
standard  supplied  with  special  con- 
veniences, bearings  and  shafts  for  an 
intermediate  set  of  gears,  is  obviously 
what  is  needed,  and  for  this  purpose 
the  back-geared  motor  adopted  in  this 
case  has  been  found  particularly  suit- 
able. The  armature  shaft  is  geared  to 
a  countershaft,  as  shown  in  the  ac- 
companying illustrations,  the  counter- 
shaft having  a  speed  of  from  120  to 
180  revolutions  per  minute,  varying 
with  the  size  of  the  motor.     No  spe- 


pensed  with.  At  the  front  of  the 
standard  there  is  an  indicator  which 
shows  the  position  of  the  valve. 

Fig.  2  shows  a  motor-operated  ball- 
bearing standard.  The  motor  in  this 
case  as  well  as  in  the  other,  is  en- 
closed, the  back  gears  being  mounted 
on  the  outside  of  the  motor.  The  ro- 
tating nut  in  the  ball-bearing  stand- 
ard, which  carries  the  weight  of  the 
valve,  is  secured  and  rests  on  ball- 
bearing races,  claimed  to  make  the 
operation  of  the  valve  60  per  cent, 
easier  than  when  ball  bearings  are  not 
used.  A  double  set  of  balls  below  the 
rotating  nut  carries  the  entire  weight 


safety  cut-outs  and  full-load  devices 
prevent  accidents  by  stopping  the  mo- 
tor if  for  any  reason  heavy  strains  are 
thrown  on  any  part  of  the  valve 
mechanism  or  motor. 

Fig.  3  illustrates  the  standard 
Coffin  gate  valve  equipped  with  a 
Northern  Universal  motor.  The  gate 
proper  is  of  the  ordinary  type,  with 
one  piece  valve  not  easily  injured  by 
jamming  plug  to  its  seat.  The  motor 
is  supported  in  a  split  bracket  which 
is  solidly  bolted  to  the  gate  cap.  The 
gearino-  is  simple  and  provides  proper 
reduction  of  speed  for  operating  the 
bronze    screw.     An    indicator    wheel 


FIG.   2. — MOTOR   STAND   FOR  OPERATING   A  RISING   SCREW    SLUICE  OR  GATE   VALVE 


cial  construction  of  the  vaive  standard 
is  necessary,  except  a  simple  support 
for  the  motor. 

Fig.  1  illustrates  a  motor  operating 
a  valve  with  non-rising  screw.  The 
back-gear  shaft  is  shown  extending 
through  the  outer  bearing.  A  re- 
movable crank  can  be  mounted  on 
this  shaft,  should  hand  operation  of 
the  valve  become  necessary  or  desir- 
able,— for  the  last  few  turns,  for  ex- 
ample, in  full  opening  or  closing. 
This  crank  is  not  necessary  except 
where  certain  safety  devices  for  auto- 
matically stopping  the  motor  are  dis- 


of  the  shaft  and  valve.  To  take  care 
of  the  thrust  when  the  valve  is  clos- 
ing, a  single  set  of  balls  is  provided 
above  the  nut. 

The  motor  is  controlled  from  the 
switchboard,  conveniently  located 
either  at  the  motor  or  some  central 
station,  which  may  be  a  long  distance 
from  the  motor  and  valve.  From  this 
board  the  motor  may  be  started, 
stopped,  reversed  or  automatically 
stopped  when  the  valve  is  full  open 
or  closed.  A  slight  movement  of  the 
lever  enables  the  operator  to  place  the 
valve    in    any    desired    position,    and 


placed  in  close  proximity  to  the 
handle  shows  at  a  glance  just  how  far 
the  gate  is  open  or  closed  and  by  re- 
versing the  position  of  the  lever  the 
operation  of  the  gate  is  stopped.  Pro- 
vision is  made  for  the  operation  of 
the  gate  by  hand  when  this  is  essen- 
tial. 

If  the  valves  are  not  accessible  for 
lever-throw  devices,  gates  can  be  ar- 
ranged to  be  controlled  from  a  com- 
mon switchboard  from  any  distance. 
The  motor  is  first  brought  up  to 
speed  and  the  valve  operated  by 
throwing  the  clutch. 
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Applications  of  the  Hewitt  Mercury 
Vapor    Lamp 

TO  the  admirable  article  on  the 
Hewitt  mercury  vapor  lamp, 
by  Dr.  A.  P.  Wills, printed  else- 
where in  this  issue,  it  may  not  be 
amiss  to  add  a  few  particulars  of 
its  commercial  applications.  As  Dr. 
Wills  has  told,  the  light  of  the  lamp 
is  lacking"  in  red  rays,  and  is  thus 
unsuitable  where  accurate  determina- 
tion of  color  values  is  essential ;  but  as 
it  is  the  red  light  rays  in  artificial 
illumination  that  are  chiefly  respon- 
sible for  the  fatigue  of  the  eyes,  the 
Hewitt  light  would  seem  to  particu- 


16-candle  power  incandescent  lamps. 
The  current  consumption  of  the  in- 
candescent lamps  was  altogether  660 
watts,  while  that  of  the  vapor  lamps 
was  only  330  watts. 

Possibly  the  greatest  field  of  appli- 
cation of  the  Hewitt  lamp  lies  in  pho- 
tography. The  light  of  the  lamp  being 
so  diffused,  and  composed  to  a  great 
extent  of  chemically  active  rays,  it  fur- 
nishes for  this  work,  for  which  there 
has  never  been  a  thoroughly  satisfac- 
tory illuminant,  an  excellent  substitute 
for  daylight.  It  is  at  present  em- 
ployed in  the  various  branches  of 
photography,  such  as  portrait  work, 
for  photographing  interiors,  making 
bromide  enlargements,  lantern  slides, 
silver,  bromide,  platinum  and  blue 
prints,  photo-engraving,  etc. 

One  of  the  prominent  life  insurance 
companies  uses  the  Hewitt  lamp  in  its 
blue-printing  department.  In  this 
case  blue  prints  are  made  through 
heavy  index  cards,  requiring  an  un- 
usually powerful  light.  Formerly  a 
bank  of  nine  12-ampere  arc-lights  was 
used,  the  current  bill  for  which  was 
about  $1.35  per  hour.     Since  the 


FIG.    3. ANOTHER   FORM    OF    MOTOR-OPERATED    GATE   VALVE 


larly  commend  itself  for  many  purely 
utilitarian  purposes. 

Another  point  greatly  in  its  favor 
is  that  the  light  is  diffused  instead  of 
concentrated,  as  in  the  ordinary  in- 
candescent-lamp unit,  approximating 
closely  to  what  for  many  years  has 
been  considered  the  ideal  artificial  il- 
lumination. It  affords  in  practical 
form  the  "stick  of  light"  which  was 
enthusiastically  spoken  of  a  dozen 
years  ago  as  the  rational  light  of  the 
future — something  to  be  hoped  for, 
but  not  then  commercially  attainable. 
For  offices,  factories,  store  houses  and 
draughting  rooms,  the  new  light  is 
thus  particularly  well  suited. 

Two  Hewitt  lamps  were  recentlv  in- 
stalled in  the  composing  room  of  one 
of  the  New  York  evening  papers,  re- 
placing in  this  case  two  clusters  of  six 


stallation  of  an  equal  number  of  Hew- 
itt lamps  the  current  bill  has  been  re- 
duced to  45  cents  an  hour,  besides 
which  the  work  is  being  done  within 
half  the  time  formerly  consumed. 

In  a  number  of  cases  in  New  York 
City  Hewitt  lamps  have  been  installed 
in  the  show-windows,  the  novel  form 
and  color  of  the  light  creating  a  most 
striking  and  effective  display.  In  one 
instance  two  Hewitt  lamps  displaced 
sixty-six  16-candle-power  incandes- 
cent lamps,  and  reduced  the  bill  for 
current  from  25  cents  to  10  cents 
an  hour. 

For  general  lighting,  it  is  stated 
that  one  Hewitt  lamp,  consuming  3 
amperes  or  330  watts,  will  give  more 
illumination  than  one  6-ampere  arc  at 
660  watts ;  while  one  330-watt  Hew- 
itt lamp  will  replace  nine  32-candle- 


power  incandescent  lamps,  and  give 
much  more  than  twice  the  amount 
of  light,  using  only  one-third  the  cur- 
rent; or  the  same  lamp  will  replace 
twelve  16-candle-power  incandescent 
lamps,  giving  over  three  times  the 
light  for  one-half  the  current.  Where 
greater  distribution  is  required,  two 
half-length  165-watt  vapor  lamps  may 
be  run  in  series. 

For  photographic  purposes  the  sav- 
ing in  current  is  claimed  to  be  still 
greater.  Two  of  the  vapor  lamp 
printing  outfits,  consuming  from  12 
to  14  amperes,  will  yield  as  many 
prints  as  an  arc  lamp  taking  over 
twice  the  current,  and  in  less  time. 
With  two  of  the  Hewitt  photo-en- 
graving lamps,  consuming  about  7 
amperes,  exposures  can  be  made  in 
six  minutes  where  two  arc  lamps  tak- 
ing 25  amperes  take  eight  minutes. 
The  efficiency  of  the  vapor  lamps  is 
therefore  over  4.5  times  as  great  as 
the  focusing  arc. 

It  might  be  added  that  Hewitt 
lamps  are  sold  outright,  complete, 
with  all  the  necessary  appurtenances, 
by  the  manufacturers,  the  Cooper- 
Hewitt  Electric  Company,  220  West 
Twenty-ninth  street,  New  York. 


Facilitating   Telephonic 
Communication 

WITH     all     the     progress 
made  in  telephony,  the 
directory  or  method  of 
ascertaining   the   number   of   a 
subscriber     has     scarcely     im- 
proved  or   developed   from   its 
original  form.    There  have  been 
scores    of   devices    put    on    the 
market  in  the  form  of  supple- 
mentary   telephone    directories, 
books,  cards  and  other  attach- 
ments, aiming  to  aid  the  user  of 
the  telephone  in  quickly  locat- 
ing the  name  and  number  of  a  sub- 
set iber,  and  a  newcomer  in  this  field 
is  described  below. 

Mr.  M.  Holtz,  200  Greene  street, 
New  York  City,  has  recently,  by  reason 
of  the  constant  annoyance  and  delay 
incurred  in  looking  up  names  and 
numbers  in  the  telephone  directory, 
invented  an  attachment  which  places 
at  the  disposal  of  the  subscriber  means 
of  instant  reference  to  any  name  and 
number  without  looking  through  a 
large,  cumbersome  book. 

This  attachment  consists  of  a  brack- 
et which  can  be  attached  to  the  post 
of  a  portable  telephone  above  the  re- 
ceiver hook,  with  a  slotted  bracket 
containing  cards  arranged  as  in  a  card 
index,  permitting  any  classification 
by  business,  alphabet,  or  any  way  that 
suits  the  convenience  of  the  user.    A 
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card  may  be  withdrawn  and  any  num- 
ber of  names  of  the  same  general  clas- 
sification up  to  the  capacity  of  the  card 
may  be  seen  at  a  glance,  and  the  card 
will  drop  back  in  its  place  by  its  own 
weight.  The  projecting  tabs  on  the 
top  of  the  cards  afford  an  instant 
guide  to  the  contents  and  permit  of 
ready  withdrawal  of  any  card  or  cards. 
One  great  advantage  of  this  device 
lies  in  its  permanent  attachment  to 
a  portable  desk  telephone  which  is 
being  constantly  shifted  around  from 
one  place  to  another,  where  wall  cards, 
index  books  or  other  separate  devices 
lose  their  value  by  reason  of  not  being 
handy  when  wanted.  This  is  obvi- 
ated in  the  case  of  this  attachment. 
This  invention  also  makes  possible  a 
great  saving  on  the  part  of  telephone 
companies.  The  cost  of  revising  and 
publishing  directories  is  a  very  large 


A  NEW  SUPPLEMENTARY  TELEPHONE 
DIRECTORY 


item.  With  the  general  use  of  this  at- 
tachment by  a  local  company,  the 
average  subscriber  would  have  little 
occasion  to  refer  to  the  telephone  di- 
rectory, inasmuch  as  he  is  generally 
limited  in  the  number  of  people  he 
wishes  to  communicate  with  by  tele- 
phone. Forty  or  fifty  names  serve 
the  average  user  of  the  telephone,  and 
these  and  many  more  could  be  very 
nicely  handled  in  this  attachment. 
Where  a  company  publishes  several 
editions  of  a  directory  each  year,  one 
edition  would  probably  be  sufficient, 
providing  one  of  these  devices  was 
permanently  attached  to  each  tele- 
phone. 

The  first  card  is  instantly  visible  to 
the  user  of  the  telephone,  this  card 
being  reserved  for  the  most  frequent 
calls.  Furthermore,  its  use  will  per- 
mit an  exchange  operator  to  repeat 
a  wrong  or  changed  number  call,  and 


request  that  it  be  changed  on  the  card, 
thus  avoiding  a  re-occurence  of  the 
same  error.  Business  men  who  want 
quick  service  and  instant  means  of 
reference  will  appreciate  this  inven- 
tion, while  its  error-reducing  possibil- 
ities should  possess  equal  interest  for 
mechanical  and  electrical  superintend- 
ents of  telephone  companies. 

Another  evil  which  telephone  com- 
panies have  to  contend  with  is  the 
tendency  on  the  part  of  subscribers 
to  memorize  numbers  owing  to  the 
rapid  growth  in  the  bulk  of  directories. 
This  produces  errors,  double  calls,  the 
tying-up  of  trunk  lines,  and  is  a  most 
frequent  source  of  annoyance  to  both 
user  and  operator.  As  this  attach- 
ment is  made  both  for  portable  and 
wall  telephones,  its  use  would  doubt- 
less tend  to  greatly  minimize  delays 
or  errors  in  calls.  . 

The  simplicity  and  utility  of  this 
device  are  readily  apparent.  It  opens 
up  an  interesting  situation  for  local 
telephone  companies  that  wish  to 
economize  in  the  publication  of  their 
directories,  and  as  it  in  no  way  in- 
terferes with  the  mechanical  or  elec- 
trical parts  of  the  telephone,  it  will 
undoubtedly  be  received  with  favor 
by  the  telephone  companies  whose 
business  it  i?  intended  to  facilitate. 


that  holds  the  liquid  is  itself  of  double- 
walled  glass,  with  the  intervening 
space  exhausted  of  air  and  silvered, 
liquids  can  be  boiled  therein  more 
economically  than  by  any  other 
method. 


New    Electric    Cooking    Devices 

T^HE  high  cost  of  electric  cooking 
has  stimulated  the  ingenuity 
of  inventors,  some  of  whom 
have  been  trying  to  devise  special  ap- 
paratus that  shall  be  economical.  The 
"Revue  Scientifique,"  Paris,  gives  a 
description — translated  in  "The  Lit- 
erary Digest" —  of  two  devices  which 
have  been  invented  by  a  Frenchman. 

The  first  is  a  modification  of 
Papin's  digester.  It  has  double  walls 
and  a  double  bottom.  The  latter  con- 
tains carbon  filaments  to  heat  the  ves- 
sel. That  these  filaments  may  not  be 
burned  out,  the  air  is  replaced  by  hy- 
drogen, which  has  great  convective 
power.  This  gas  behaves  like  a  per- 
fect electric  insulator  that  is  at  the 
same  time  a  good  conductor  of  heat. 
It  transmits  to  the  bottom  of  the  ves- 
sel the  heat  energy  given  up  to  it  by 
the  filaments,  almost  as  well  as  metal 
would  do.  The  filaments  are  grouped 
in  two  series,  so  that  the  temperature 
in  the  vessel  can  be  varied  without 
useless  expenditure  of  current. 

The  second  device  is  for  heating 
liquids  in  any  vessel  whatever.  It  is 
a  metal  cylinder  with  wings.  In  the 
inside  is  arranged  a  carbon  resistance 
surrounded  by  an  atmosphere  of  hy- 
drogen. The  heat  given  out  is  en- 
tirely used,  since  the  heating  is  from 
the    center    outward.     If    the    vessel 


Automatic  Continuous  Feed  Electric 
Blue-Printing  Machine 

AM  A  C  H  I  N  E  recently  placed 
upon  the  market  by  Messrs. 
Williams,  Brown  &  Earle,  918 
Chestnut  street,  Philadelphia,  Pa., 
will  make  continuous  blue  prints  of 
any  length,  without  stop  or  adjust- 
ment. It  will  operate  on  any  incan- 
descent electric  circuit,  either  no  or 
220  volt  direct,  or  104  alternating. 

The  tracing  and  sensitized  paper  are 
fed  into  the  machine  from  the  table. 
The  instant  they  enter  the  machine, 
they  are  automatically  clasped  by  two 
transparent  continuous  bands,  which 
travel  at  exactly  the  same  rate  of 
speed.  These  bands  hold  the  print 
and  tracing  in  absolute  contact,  and 
they  are  thus  carried  in  front  of  the 
electric  lamps,  and  print  as  they  pass. 
The  speed  at  which  these  bands  move 
can  be  adjusted  so  as  to  travel  either 
fast  or  slow,  enabling  the  operator  to 
print  with  equal  results  through  the 
thinnest  tracing  linen  or  the  thickest 
tracing  or  bond  paper.  The  ma- 
chine is  supplied  with  from  three  to 
five  electric  lamps.  These  lamps  are 
suspended  from  an  iron  frame  in  such 
a  way  that  the  light  from  them  falls 
directly  on  the  tracing  and  sensitized 
paper  as  they  pass.  The  print  is  thus 
automatically  made,  without  any 
manipulation  on  the  part  of  the  oper- 
ator. 

The  continuous  bands  which  carry 
the  sensitized  paper  and  tracing  in 
front  of  the  lamps  are  actuated  by  an 
electric  motor  which  runs  on  the  same 
current  as  that  supplied  to  the  lamps. 

The  machine  occupies  a  space  five 
feet  square.  The  manufacturers  claim 
that  the  chief  feature  of  the  apparatus 
is  in  its  extreme,  simplicity  and  in  its 
elimination  of  cylindrical  glass  guides, 
pads  or  tension  springs  of  any  kind. 
Electrical  printing  machines  are  being 
used  in  large  numbers,  in  order  to  get 
rid  of  rush  work,  and  also  because 
they  are  in  instant  readiness  for  ser- 
vice, notwithstanding  the  condition  of 
the  weather. 


Fabrics* Heated  by  Electricity 

A  CURIOUS  application  of  elec- 
tricity   which    has    just    been 
announced — and    is    described 
in    "La    Nature" — is    all    the    more 
interesting  because  it  appears  to  be 
practical    as    well    as    novel    and    in- 
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genious.  The  invention  is  that  of  M. 
Camille  Herrgott,  and  is  designed  to 
produce  moderately  high  temperatures 
in  connection  with  carpet  or  other  fab- 
rics. The  apparatus  forms  a  part  of 
materials  composed  of  any  fiber — 
hemp,  cotton,  linen,  or  silk,  and  it 
neither  detracts  from  their  usual  ap- 
pearance nor  from  their  pliability. 

The  result  is  obtained  by  the  use  of 
a  textile  penetrated  by  an  electro-ther- 
mic series.  This  warming  mesh  is 
manufactured  on  looms  in  any  size 
appropriate  for  light  or  heavy  fabrics, 
in  the  same  manner  that  the  purely 
textile  mesh  is  made.  All  danger  has, 
it  is  thought,  been  avoided  by  making 
it  impossible  for  the  conducting  mesh 
to   be   heated   above   a   certain   point. 


A  New  Electric  Traveling  Hoist 

THE  annexed  illustration  of  an 
electric  traveling  hoist  just 
brought  out  by  the  Niles- 
Bement-Pond  Company,  of  New 
York,  leaves  little  to  be  told  of  the 
general  makeup  and  use  of  the  outfit. 
These  hoists  may  be  equipped  with 
a  cage,  as  shown,  or  may  be  arranged 
to  be  operated  from  the  floor  by 
means  of  pendant  controllers.  The 
hoisting  mechanism  is  placed  between 
the  channel  framing  of  the  trolley  and 
is  direct  geared  to  the  drum,  a  stand- 
ard load  and  motor  brake  being  pro- 
vided. Power  for  hoisting,  in  all 
cases,  is  furnished  by  electric  motors, 
while  the  trolley  travel  may  be  ar- 
ranged for  by  motor  or  hand  racking. 


A    NEW    ELECTRIC    TRAVELING    HOIST,    MADE    BY    THE    NILES-BEMENT-POND    COMPANY, 

NEW    YORK. 


Thus  there  is  complete  security;  to 
such  a  degree,  indeed,  that  one  may 
wet  the  fabric  and  then  dry  it  by  turn- 
ing on  the  electric  current.  The  dan- 
ger from  an  arrest  of  current  is  avoid- 
ed by  the  arrangement  of  the  conduc- 
tors within  the  fabric,  where  they  are 
so  completely  imprisoned  that  they 
cannot  be  brought  into  conjunction  by 
the  most  severe  manipulation. 

The  applications  of  this  arrange- 
ment are  very  numerous.  Carpets, 
rugs,  etc.,  may  be  maintained  at  the 
temperature  of  the  body  or  higher. 
In  dry  or  wet  medical  applications  a 
temperature  as  high  as  150  degrees  C. 
could  be  maintained  without  difficulty. 
The  industrial  applications  of  the  in- 
vention are  innumerable,  as,  for  exam- 
ple, in  filters  for  fatty  or  glutinous 
matters,  and  for  warming  electrical 
carriages  or  railroad  trains,  etc. 
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This  type  of  hoist  is  built  in  three 
sizes  of  three,  four  and  ten  tons  ca- 
pacity. Swivel  trucks  will  be  fur- 
nished for  use  on  curved  tracks. 


Persona.1 


An  electric  storage  battery  outfit  is 
the  latest  modern  convenience  in- 
stalled in  the  palace  at  Tokio  of  the 
Emperor  of  Japan.  It  was  supplied 
by  the  Gould  Storage  Battery  Com- 
pany, of  New  York,  the  negotiations 
for  putting  it  in  having  been  conduct- 
ed by  Mr.  Ph.  R.  Tuttle.  The  bat- 
tery will  be  used  to  light  the  palace 
and  will  be  charged  by  a  generator 
driven  by  a  Nash  gas  engine.  It  is 
the  first  private  storage  battery  instal- 
lation in  Japan. 

The  non-acceptance  of  the  Legion 
of    Honor    decoration    by    M.    Curie 


seems  to  have  encouraged  more  sub- 
stantial recognition  of  his  work.  One 
of  the  best  equipped  laboratories  in 
the  Pasteur  Institute  has  now  been 
placed  at  the  disposal  of  the  savant 
and  his  wife.  Moreover,  a  bill  has 
been  introduced  in  the  Chamber  of 
Deputies  by  M.  Gerault-Richard 
opening  a  special  credit  of  $30,000  to 
permit  M.  Curie  to  continue  his  re- 
searches. There  is  every  prospect 
that  the  bill  will  be  passed  by  a  unani- 
mous vote. 

Mr.  W.  S.  Montgomery,  who  has 
for  the  past  five  years  been  connected 
with  the  Conover  Condenser  Manu- 
facturing Company,  of  Jersey  City,  as 
their  secretary  and  sales  manager, 
has  severed  his  connection  with  that 
company  to  assume  the  management 
of  the  Payne  Engineering  Company 
of  New  York  City,  who  are  the  selling 
agents  of  the  Payne  Company  of  El- 
mira,  N,  Y.,  builders  of  simple  and 
compound  automatic  engines.  On 
January  1  the  Payne  Engineering 
Company  removed  to  new  offices  in 
the  Havemeyer  Building,  26  Cort- 
landt  street,  New  York. 

Mr.  Seward  Babbitt,  for  a  number 
of  years  sales  agent  for  the  William 
Tod  Company,  of  Youngstown,  Ohio, 
has  resigned  his  position  to  go  with 
the  De  La  Vergne  Refrigerating  Ma- 
chinery Company,  of  New  York  City, 
where  he  will  devote  his  time  to  the 
sale  of  the  Koerting  gas  engine. 

Mr.  W.  J.  Johnston,  formerly  pro- 
prietor of  "The  Electrical  World,"  of 
New  York,  has  sold  to  Mr.  H.  M. 
Swetland  his  stock  interest  in  the 
"Engineering  and  Mining  Journal," 
and  has  severed  his  connection  with 
that  publication. 

Mr.  J.  E.  Woodbridge,  of  the  rail- 
way engineering  department  of  the 
General  Electric  Company  at  Sche- 
nectady, has  been  transferred  to  the 
British  Thomson  Houston  Company, 
at  Rugby,  England,  where  he  should 
now  be  addressed.  Mr.  Woodbridge 
was  at  one  time  one  of  the  editors  of 
"The  Electrical  World"  and  left  its 
staff  a  few  years  ago  to  devote  himself 
more  particularly  to  direct  engineer- 
ing work. 

Mr.  T.  H.  Bailey  Whipple  has  re- 
turned to  the  Sawyer-Man  Electric 
Company  to  the  position  which  he 
left  last  summer  in  order  to  take  a 
part  in  the  reorganization  of  the  sales 
department  of  the  Nernst  Lamp  Com- 
pany, of  Pittsburg.  Mr.  Whipple  is 
an  old  hand  in  the  commercial  end  of 
the  electric  lighting  field.  He  was 
general  sales  agent  with  the  Buckeye 
Electric  Company,  of  Cleveland, 
Ohio,  and  held  a  similar  position  with 
the  Jandus  Electric  Company,  which 
was  an  off-shoot  of  the  Buckeve  Elec- 
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trie  Company,  and  during  his  connec- 
tion with  these  two  companies  estab- 
lished most  of  their  agencies  through- 
out the  United  States.  Early  in  1903 
Mr.  Whipple  went  to  the  Sawyer- 
Man  Electric  Company,  where  he  re- 
mained until  he  was  called  as  above 
noted  to  the  Nernst  Lamp  Company. 

Mr.  H.  F.  J.  Porter,  after  a  service 
of  nearly  ten  years  with  the  Bethle- 
hem Steel  Company,  first  as  Western 
sales  agent  at  Chicago,  then  as  assist- 
ant sales  agent  at  the  works  at  South 
Bethlehem,  and  later  as  Eastern  sales 
agent  in  New  York  City,  severed  his 
connection  with  this  company  on  Jan. 
1,  1903,  to  associate  himself  with 
the  Westinghouse  interests.  After  a 
connection  of  some  months  with  West- 
inghouse, Church,  Kerr  &  Co.,  during 
which  time  he  was  familiarizing  him- 
self with  the  interrelation  of  the  vari- 
ous Westinghouse  interests,  Mr.  Por- 


H.    F.     J.     PORTER 

ter  was  appointed  assistant  manager 
of  the  Westinghouse  Companies'  pub- 
lishing department,  with  headquarters 
at  Pittsburg  and  New  York  City.  On 
Dec.  1  last  Mr.  Porter  was  appointed 
second  vice-president,  with  the  atten- 
dant duties  of  general  manager,  of  the 
Nernst  Lamp  Company,  of  which 
company  Mr.  George  Westinghouse  is 
president.  The  company's  works  are 
in  Pittsburg,  with  sales  offices  in  the 
principal  cities  of  the  United  States. 

Mr.  Max  Loewenthal,  secretary  and 
electrical  engineer  of  the  Prometheus 
Electric  Company  of  New  York,  is 
making  a  trip  through  the  principal 
cities  of  the  Eastern  and  middle  West- 
ern States  in  the  interests  of  his  com- 
pany for  the  establishment  of  agen- 
cies. 


JOHN  D.  ALLAN 


Mr.  John  D.  Allan,  who  was  recent- 
ly made  general  manager  and  a  vice- 
president  of  the  Allis-Chalmers  Com- 
pany, has  been  connected  with  that 
company  a  little  over  22  years,  having 

entered  the  com- 
pany's employ  in 
May,  1881,  as  a 
draughtsman  in 
the  engineering 
department.  A 
few  years  later 
the  company  es- 
tablished a  gen- 
eral sales  office 
in  Chicago  in 
charge  of  Mr.  Al- 
lan. "  After  the 
formation  of  the 
present  Allis- 
Chalmers  Com- 
pany, Mr.  Allan 
was  placed  in  general  charge  of  the 
engine  sales  department,  which  posi- 
tion he  has  held  up  to  the  present 
time. 

Mr.  Horace  E.  Parshall  and  Mr.  R. 
W.  Blackwell,  of  London,  are  making 
a  short  visit  in  this  country. 

Mr.  Louis  J.  Magee,  who -for  some 
fifteen  years  past  has  been  prominently 
identified  with  electrical  engineering 
and  manufacturing  in  Germany,  has 
returned  to  this  country.  He  was 
early  connected  with  the  old  Thomson- 
Houston  Company  and  was  one  of  the 
first  representatives  abroad  of  Ameri- 
can electrical  interests.  At  the  present 
time  he  is  a  director  in  both  the  Allge- 
meine  Elektricitsets-Gesellschaft,  and 
the  Union  Elektricitasts-Gesellschaft, 
of  Berlin,  and  will  now  be  their  agent 
in  the  United  States.  He  has  opened 
an  office  at  25  Broad  street,  New  York 
City,  and  has  already  renewed  with 
pleasure  a   great  many  old  acquaint- 


LOUIS     J.      MAGEE 

anceships.     Mr.  Magee  is  an  acquisi- 
tion to  local  electrical  circles. 

Announcement  was  made  recently 
that  a  new  and  unique  school  of  elec- 
trical engineering  would  be  founded 
during  the  current  year  by  Mr.  Nunn, 
of  Telluride,  Col.     It  is  the  intention 


of  the  founder  to  give  a  full  course  in 
mechanical  and  electrical  engineering 
at  Provo  Canon,  Utah,  keeping  the 
students  actually  employed  and  under 
pay  during  the  period  of  their  course. 

Rear  Admiral  George  W.  Melville, 
ex-chief  of  the  bureau  of  steam  navi- 
gation, U.  S.  Navy,  has  consented  to 
act  as  engineer-in-chief  of  the  Audit 
&  Appraisement  Company  of  Amer- 


REAR   ADMIRAL   GEORGE   W.    MELVILLE,   U.    S.    N. 

ica.  He  has  returned  recently  from  a 
trip  to  Mexico,  where  he  was  engaged 
in  making  an  inspection  of  some  of 
the  properties  of  the  United  Mining 
&  Development  Co.  of  America. 

Hon.  Bird  S.  Coler,  formerly 
comptroller  of  New  York  City,  was 
recently  elected  ,:a  member  of  the 
board  of  directors  of  the  Peckham 
Manufacturing  Company,  of  New 
York,  manufacturers  of  car  trucks. 

Prof.  F.  B.  Crocker,  of  the  electri- 
cal engineering  department  of  Colum- 
bia University,  New  York  City,  has 
sailed  with  Dr.  M.  I.  Pupin  for  a  short 
winter  trip  in  Mediterranean  waters, 
proposing  to  be  back  by  the  end  of 
February. 

The  following  additions  and 
changes  have  recently  been  made  in 
the  different  staffs  of  the  Bullock 
Electric  Manufacturing  Company,  of 
Cincinnati,  Ohio: — Halbert  P.  Plill 
will  take  charge  of  the  company's  ex- 
hibit at  the  St.  Louis  Exposition  in 
1904;  W.L.Fairchild,  late  treasurer  of 
the  J.  F.  Kelly  Engineering  Company, 
has  joined  the  forces  of  the  Bullock 
Company  and  will  operate  from  the 
New  York  office;  A.  F.  Rolf,  assistant 
to  R.  T.  Lozier,  general  manager  of 
sales,  has  been  transferred  to  the  New 
York  office  as  assistant  district  mana- 
ger, E.  W.  Goldschmidt  being  the  dis- 
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trict  manager;  Walter  B.  Spellmire, 
district  manager  at  Atlanta,  has  taken 
the  vice-presidency  of  the  A.  W. 
Wychoff  Company,  at  Pittsburg, 
which  succeeds  the  Pittsburg  Engi- 
neering Company  as  representatives 
of  the  Bullock  interests  in  that  terri- 
tory; G.  C.  Henry,  general  manager 
of  the  Florida  Electric  Company,  will 
succeed  Mr.  Spellmire  as  district  man- 
ager at  Atlanta.  The  various  changes 
in  the  Bullock  Company  are  made  to 
take  care  of  the  very  material  increase 
in  the  demand  that  has  been  made  for 
Bullock  apparatus. 

Mr.  Francis  B.  Allen,  second  vice- 
president  of  the  Hartford  Steam  Boil- 
er Inspection  &  Insurance  Company 
of   Hartford,    Conn.,    has   been   men- 
tioned as  a  likely 
successor    to    the 
late    President    J. 
M.  Allen,  of  that 
company.    The 
new    president 
will    probably    be 
named      at      the 
company's  annual 
meeting       this 
month.   Mr.  Fran- 
cis   B.    Allen    has 
been       connected 
with  the  company 
since    1872,   when 
he  became  the  spe- 
cial   agent    of    its 
New  York  depart- 
ment.      In      1882 
he   was  promoted 
to  the  position  of  supervising  general 
agent  in  the  home  office,  and  moved  to 
Hartford,  Conn.,  and  in  1888  he  was 
made  second  vice-president  of  the  com- 
pany.     His  department  includes   the 
general  supervision  of  the  company's 
business  in  the  field  and  the  superin- 
tendency   of  its   agents.       The    duties 
involved   are   most   arduous,   and    re- 
quire  special    skill   and   adaptation   to 
the  work,  both   of  which   Mr.   Allen 
possesses  in  a  remarkable  degree.    He 
is  a  member  of  the  American  Society 
of  Mechanical  Engineers,  New  York  ; 
a  member  of  the  American  Society  of 
Naval  Engineers,  Washington,  D.  C, 
and  also  a  member  of  the  American 
branch   of  the   International    Society 
for  testing  Materials,  Philadelphia.  " 

Dr.  Clayton  H.  Sharp,  engineer  of 
the  electrical  testing  laboratories  of 
the  Lamp  Testing  Bureau,  New  York 
City,  has  returned  from  an  interesting 
trip  to  Europe,  where  he  visited  all 
of  the  principal  electrical  laboratories. 
Dr.  Sharp  gathered  a  mass  of  data 
and  information  which  will  enable  him 
to  fit  up  the  new  laboratories  of  the 
company  at  Eightieth  street  and  East 
End  avenue  with  the  most  complete 
and  up-to-date  apparatus  and  by  the 
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best  methods  known.  He  carried 
with  him  a  number  of  carefully  pre- 
pared standard  photometer  lamps, 
which  were  compared  by  the  principal 
photometrists  of  Europe  with  their 
authorized  standards,  and  found  to  be 
in  extremely  close  agreement  with  the 
best  of  them.  The  Lamp  Testing 
Bureau  will  probably  occupy  their 
new  laboratories  some  time  during 
this  month. 

Mr.  N.  S.  Braden,  formerly  mana- 
ger of  the  Westinghouse  Electric  & 
Manufacturing  Company's  district 
office  at  Cleveland,  Ohio,  has  been 
appointed  sales  manager  of  the  new 
Canadian  Westinghouse  Company, 
Ltd.,  and  assumed  the  duties  of  that 
office  on  January  1,  1904.  Mr.  Bra- 
den succeeds  the  late  Thomas  C. 
Frenyear,  who  died  on  December  10 
of  last  year.  Mr.  Frenyear's  office 
was  at  Toronto,  but  Mr.  Braden  will 
make  his  headquarters  at  Hamilton, 
Ont.  Mr.  Braden  was  born  at  In- 
dianapolis, Ind.,  thirty-four  years  ago. 
He  finished  his  schooling  in  1892,  and 
went  with  the  Jenny  Electric  Motor 
Company  in  his  native  city.  He  re- 
mained with  that  company  until  1899, 
when  he  joined  the  Cleveland  district 
sales  office  of  the  Westinghouse  Elec- 
tric &  Manufacturing  Company  as  a 
salesman,  where  he  later  became  man- 
ager. Mr.  Braden  is  known  as  one 
of  the  ablest  and  best  informed  electri- 
cal salesmen  in  America. 

The  British  Schukert  Company,  Ltd., 
which  was  organized  in  London  some 
years  ago  to  handle  the  electrical  appa- 
ratus of  the  Schukert  Electric  Com- 
pany, of  Nurnberg,  Germany,  has 
been  absorbed  by 
Messrs.  Siemens 
Brothers  &  Co., 
Ltd.,  of  London 
and  Woolwich,  of 
which  Mr.  Alex- 
ander Siemens  is 
the  managing  di- 
rector. 

Messrs.  Henry 
Hine  and  Leonard 
C.  Curtis,  who  were 
recently  in  New 
York  in  conference 
with  Mr.  Charles 
A.  Coffin,  president 
of  the  General  Electric  Company,  and 
Mr.  John  Hays  Hammond,  about  some 
new  power  transmission  projects  of 
the  Guanajuato  Electric  Light  & 
Power  Company,  in  which  concern  all 
are  largely  interested,  have  left  for 
Colorado  Springs,  from  where  Mr. 
Hine  will  proceed  to  Mexico. 

Prof.  Alexander  Graham  Bell  has 
returned    from    Genoa    with    the    re- 


mains of  James  Smithson,  the  English 
founder  of  the  Smithsonian  Institu- 
tion. Prof.  Bell  offered  three  years 
ago  to  bring  the  remains  of  Smithson 
here  at  his  own  expense,  and  renewed 
the  offer  last  spring.     The  removal  of 
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the  remains  at  this  time  was  desirable 
because  a  stone  quarry  has  encroached 
on  the  English  cemetery  at  Genoa  to 
such  an  extent  that  it  became  neces- 
sary to  move  the  bodies  buried  there. 

Mr.  P.  G.  Gossler,  electrical  engi- 
neer, etc.,  of  the  Montreal  Light,  Heat 
&  Power  Company,  has  resigned  his 
important  and  responsible  position 
there  in  order  to  become  associated 
with  the  well-known  engineering  firm 
of  J.  G.  White  &  Company,  of  New 
York. 

Mr.  W.  J.  Wilgus,  fifth  vice-presi- 
dent of  the  New  York  Central  &  Hud- 
son River  Railroad,  recently  returned 
from  a  short  trip  through  England, 
Scotland,  France,  etc.,  investigating 
electric  railway  practice  and  particu- 
larly railroad  terminals  abroad. 

Mr.  Walter  H.  Whiteside,  manager 
of  the  detail  and  supply  department 
of  the  Westinghouse  Electric  & 
Manufacturing  Company,  has  been 
appointed  general  manager  of  the 
Sawyer-Man  Electric  Company.  Mr. 
Whiteside  continues  in  the  manage- 
ment of  the  Westinghouse  detail  and 
supply  department,  the  business  of 
which  he  has  greatly  increased. 
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Mr.  William  Schwanhausser,  chief 
engineer  of  the  International  Steam 
Pump  Company,  has  returned  from  a 
two  months'  trip  to  Europe,  where  he 
went  for  the  purpose  of  visiting  sev- 
eral of  the  large  engineering  works  in 
England  and  on  the  Continent. 

Mr.  George  Westinghouse  sailed 
for  Europe  on  January  26,  by  the 
North  German  Lloyd  steamer  "Kaiser 
Wilhelm  II." 

Mr.  F.  B.  Duncan  has  recently  been 
appointed  manager  of  the  Akron 
Electrical  Manufacturing  Company, 
of  Akron,  Ohio.  About  two  years 
ago  Mr.  Duncan  resigned  the  position 
of  general  superintendent,  which  he 
had  held  for  about  five  years  with  the 
Northern  Electrical  Manufacturing 
Company,  of  Madison,  Wis.,  to  accept 
a  similar  position  with  the  Akron 
Company,  and  his  present  promotion 

is  an  evidence  of 
t  h  e  company's 
appreciation  o  f 
his  services.  Dur- 
ing his  connec- 
tion with  the  Ak- 
ron Company  he 
has  redesigned 
their  entire  line 
of  machines  and 
the  growth  of  the 
business  has  been 
notable. 

Mr.  Irving  H. 
Reynolds,     for- 
merly    with     the 
f.  b.  duncan  Allis  -  Chalmers 

Company,  and 
for  many  years  identified  with  the 
design  and  construction  of  that  com- 
pany's engines,  has  accepted  a  posi- 
tion with  the  William  Tod  Company, 
of  Youngstown,  as  consulting  engi- 
neer. 


Obituary 

Hon.  W.  W.  Skiles,  president  of 
the  Shelby  Electric  Co.,  of  Shelby, 
Ohio,  died  of  pneumonia  on  January 
9.  Mr.  Skiles  was  born  at  Stoughs- 
town,  Pa.,  in  1849  and  graduated  with 
his  brother,  George  M.  Skiles,  at 
Baldwin  University,  Berea,  Ohio,  in 
1876.  The  Skiles  brothers  studied 
law  in  Mansfield,  Ohio,  and  were  ad- 
mitted to  the  bar  in  1878.  Immedi- 
ately afterward  they  began  the  prac- 
tice of  law  at  Shelby.  Mr.  Skiles  was 
married  in  1877  to  Miss  Dora  Mat- 
son,  and  a  son  and  daughter  were 
born  to  them.  Mr.  Skiles  always  kept 
up  the  practice  of  law,  but  was  inter- 
ested in  many  industrial  enterprises 
Pie  had  been  president  of  the  Shelby 
Electric  Company  since  its  organiza- 
tion in  1896.     Mr.  J.  C.  Fish,  secre- 


tary of  the  Shelby  Electric  Company, 
writes:- — -"Mr.  Skiles  was  one  of  the 
original  promoters  of  the  Shelby 
Electric  Company  and  was  its  presi- 
dent from  the  time  of  its  inception 
until  his  death.  *  *  *  The  Shelby 
Electric  Company  has  lost  in  Mr. 
Skiles  a  splendid  adviser  and  one  who, 
although  not  actively  engaged  in  the 
electrical  line,  had  many  friends 
among  the  manufacturers  and  large 
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consumers  of  lamps."  Mr.  Skiles  was 
also  interested  in  the  People's  Tele- 
phone Company,  of  Shelby,  Ohio. 


Tra^cle    News 


The  Mexican  Light  &  Power  Co. 
is  about  to  place  a  contract  for  about 
2000  steel  towers  which  are  to  be  used 
for  carrying  its  transmission  lines 
from  Necaxa  to  Mexico  City  and  El 
Oro — a  distance  of  about  150  miles  in 
all.  The  Necaxa  plant  is  to  have  an 
initial  capacity  of  45,000  h.  p.,  to  be 
ultimately  increased  to  80,000  h.  p. 
The  bulk  of  the  machinery  for  the  in- 
itial plant  has  already  been  ordered. 
The  turbines  will  be  of  Swiss  build. 
Escher,  Wyss  &  Co.,  of  Zurich,  have 
taken  the  contract.  Siemens  &  Hal- 
ske,  of  Berlin,  secured  the  generator 
contract,  while  the  General  Electric 
Co.  will  build  the  transformers.  The 
Riter-Conley  Manufacturing  Co.,  of 
Pittsburg,  will  supply  the  steel  pipe. 
Before  the  system  is  completed  it  is 
expected  that  fully  $10,000,000  will  be 
expended.  The  work,  it  is  calculated, 
will  take  nearly  three  years  to  finish. 
F.  S.  Pearson,  the  consulting  engi- 
neer of  the  Metropolitan  Street  Rail- 
way, is  vice-president  of  the  Mexican 


company,   the   New   York   offices   of 
which  are  at  No.  29  Broadway. 

According  to  a  recent  communica- 
tion from  United  States  Consul  S. 
Berliner,  at  Teneriffe,  Canary  Isl- 
ands, the  electric  light  company  of 
Teneriffe  is  desirous  of  purchasing  an 
American  electric  light  engine  of  at 
least  500  horse  power,  as  with  the  ma- 
chinery they  now  have  they  find  it  im- 
possible to  meet  the  large  and  con- 
stantly increasing  demand  for  electric 
light.  The  engine  required  must  be  of 
the  latest  pattern,  of  first-class  mate- 
rial, and  up  to  date  in  all  respects. 
Price  should  be  quoted  c.i.f.  Teneriffe. 
The  following  firms  issue  through 
bills  of  lading  at  Teneriffe:  Elder, 
Dempster  &  Co.,  Produce  Exchange, 
New  York,  and  J.  M.  Ceballos  &  Co., 
Wall  street,  New  York.  Quotations 
and  all  communications  should  be  ad- 
dressed to  Sefior  Don  Nicolas  Marti, 
presidente  Compania  Electrica  e  In- 
dustrial, Teneriffe. 

The  Warren  Electric  Company, 
Sandusky,  Ohio,  are  building  a  10,- 
ooo-light  incandescent  generator  for  a 
new  lighting  plant  at  Martinsburg, 
W.  Va.  This  is  one  of  the  largest 
generators  they  have  ever  built  and 
will  weigh  over  10,000  pounds. 

The  Allis-Chalmers  Co.  announces 
that  it  has  acquired  the  exclusive 
rights  for  the  United  States,  Canada 
and  Mexico  for  the  manufacture  and 
sale  of  Nurnberg  gas  engines  for  all 
power  purposes.  These  engines  have 
been  developed  and  thoroughly  tested 
in  large  units  and  it  is  claimed  that 
their  performance  will  meet  the  most 
exacting  demands  of  power  genera- 
tion with  absolute  reliability.  They 
will  operate  with  either  natural,  pro- 
ducer, coke  oven,  blast  furnace  or  illu- 
minating gas;  and  they  are  built  in 
sizes  of  from  130  to  6000  h.  p.  capa- 
city. They  are  of  the  four-cycle, 
double-acting  type.  The  Allis-Chal- 
mers Co.  is  now  prepared  to  install 
complete  gas  power  plants. 

The  City  Council  of  Warrensburg, 
Mo.,  is  considering  the  proposition  of 
building  an  electric  light  plant  to  be 
owned  by  the  city. 

The  Rawson  Electric  Company. 
Elyria,  Ohio,  will  begin  the  erection 
of  a  manufacturing  plant  this  month. 

The  Schaghticoke  Electric  Power 
Company,  Schaghticoke,  N.  Y.,  have 
engaged  Chas.  E.  Collins,  hydraulic 
engineer,  Drexel  Building,  Philadel- 
phia, to  prepare  plans  and  specifica- 
tions with  estimates  for  a  power  plant 
on  the  Hoosick  River  at  that  place. 
About  3500  horse  power  will  be  de- 
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veloped  by  water  power  and  one  iooo 
horse  power  steam  unit  will  also  be 
installed. 

The  International  Steam  Pump 
Company,  New  York,  have  placed  or- 
ders with  the  General  Electric  Com- 
pany of  Lynn,  Mass.,  for  direct-con- 
nected motors  for  pumps  to  go  into 
Mexican  mines.  They  will  vary  in 
size  up  to  200  horse  power  and  will 
operate  pumps  having  capacities  of 
from  100  to  1500  gallons  a  minute, 
with  long  heads. 

The  Brooks  plant  of  the  American 
Locomotive  Co.,  Dunkirk,  N.  Y.,  is 
completing  a  number  of  improve- 
ments, including  the  installation  of  a 
compound,  direct-connected  Brown- 
Corliss  engine  of  800  h.  p.  and  a  500- 
K.VV.  General  Electric  generator.  A 
number  of  new  motors  will  be  in- 
stalled at  once,  greatly  increasing  the 
shop  capacity.  A  new  wheel  shop, 
120  by  225  feet,  is  nearing  comple- 
tion, the  equipment  including  a  num- 
ber of  electric  traveling  cranes,  a  101- 
inch  driving  wheel  and  a  new  quarter- 
ing machine.  The  floors  are  of  tar 
concrete.  All  departments  of  the 
works  are  running  full  and  orders  for 
many  months  ahead  are  reported. 

H.  W.  Johns-Manville  Co.,  New- 
York,  is  putting  on  the  market  a  new 
insulating  material  for  high  tension 
electric  cables  for  which  the  trade- 
mark "Niagrite"  has  been  adopted. 
It  is  furnished  in  strips  of  several 
widths  from  3  inches  to  36  inches, 
suitable  for  wrapping  spirally  on  elec- 
trical cables  and  is  held  in  place  with 
asbestos  fireproof  glue,  protecting  the 
cables  from  external  Are,  and  con- 
fining internal  fire.  The  material 
presents  a  neat  and  permanent  fin- 
ish and  is  not  affected  by  atmospheric 
conditions.  It  has  been  adopted  by 
the  Niagara  Falls  Power  Co.,  Inter- 
national Power  Co.,  Buffalo  Street 
Railroad  Co.,  New  York  Edison  Co., 
and  other  important  electrical  plants. 

In  the  new  power  station  of  the 
Denver  Tramway  Power  Company  of 
Denver,  Col.,  mechanical  draft  is  used 
as  an  auxiliary  to  the  natural  draft 
provided  by  a  chimney  240  feet  high. 
Artificial  draft  is  furnished  by  three 
Sturtevant  electrically  driven  steel 
plate  fans.  The  boiler  capacity  of  the 
plant  is  approximately  6000  horse 
power. 

The  Central  Electric  Company,  Chi- 
cago, reports  an  exceedingly  good 
business  in  Columbia  incandescent 
lamps,  for  which  it  is  sales  agent.  Up 
to  this  time  Columbia  lamps  have  only 
been  manufactured  in  the  ordinary  in- 
candescent and  series  burning  types. 
The  Central  Electric  Company  is  au- 


thority for  the  statement  that  it  will 
now  be  able  to  supply  miniature  lamps 
of  the  Columbia  brand  which  will 
doubtless  meet  with  a  large  demand. 

M.  Gradstone  &  Co.,  manufacturers' 
export  agents,  2-4  Stone  street,  New 
York  City,  represent  American  manu- 
facturers in  Russia.  They  are  repre- 
sented in  all  the  larger  cities  of  Russia 
and  have  had  an  extensive  experience 
in  selling  to  the  various  trades.  Rus- 
sia, with  its  141,000,000  population 
and  area  nearly  three  times  that  of 
the  United  States,  offers  an  inviting 
market  for  American  manufacturers. 
The  industries  of  that  country  are  as 
yet  in  their  infancy,  and  the  20  per 
cent,  reduction  in  import  duties  on  all 
direct  shipments  to  Russian  ports  of 
entry  offers  opportunities  for  favor- 
able competition.  Gradstone  &  Co. 
would  be  pleased  to  have  manufactur- 
ers submit  to  them  catalogues  from 
which  to  select  articles  suitable  for 
the  Russian  trade. 

A  franchise  has  been  granted  at 
Beaman,  Iowa,  to  the  Marshalltown 
Electric  &  Interurban  Railway  Com- 
pany. 

The  Alberger  Condenser  Company, 
95  Liberty  street,  New  York,  were 
recently  awarded  contracts  by  the 
Manila  Construction  Company,  P.  I., 
for  three  separate  high-vacuum  sur- 
face condensing  systems.  The  Ma- 
nila Construction  Company,  who 
have  their  headquarters  with  Messrs. 
J.  G.  White  &  Company,  at  43-49  Ex- 
change Place,  New  York,  are  pur- 
chasing- the  equipment  for  the  Manila 
Electric  Railroad  &  Light  Company, 
who  are  building  a  large  station  at 
Manila. 

Mr.  E.  Stuetz,  54  Front  street,  New- 
York  City,  who  represents  the  ther- 
mite process  controlled  by  the  chemi- 
cal and  tin  smelting  works  of  Th. 
Goldschmidt,  of  Essen-Ruhr,  Ger- 
many, is  now  in  a  position  to  supply 
thermite  and  appliances  from  stock  in 
New  York.  Various  pamphlets  which 
can  be  obtained  on  application  to  Mr. 
Stuetz  give  instructions  for  the  use  of 
the  material  in  a  concise  and  clear 
form,  so  that  any  intelligent  mechanic 
can  be  made  acquainted  with  the  ther- 
mite welding  process  in  its  various 
branches  at  a  slight  outlay.  The 
great  interest  aroused  by  Dr.  Gold- 
schmidt's  lecture  at  the  annual  meet- 
ing of  the  American  Society  of  Me- 
chanical Engineers  has  made  it  neces- 
sary to  supply  consumers'  needs  by 
importing  until  it  will  be  possible  to 
start  manufacturing  in  this  country. 

The  general  sales  office  of  the 
Christensen  air  brake  department  of 
the   National   Electric    Co.   has   been 


transferred  from  No.  135  Broadway, 
New  York,  to  the  works  at  Milwau- 
kee, and  will  hereafter  be  under  the 
direct  charge  of  Mr.  F.  C.  Randall, 
who  has  been  elected  vice-president 
and  general  manager  of  the  company. 
The  company  will  retain  a  sales  office 
at  No.  135  Broadway,  New  York, 
which  will  take  care  of  New  York 
City  and  all  of  New  England  and  Can- 
ada. This  office  will  be  in  charge  of 
Mr.  J.  T.  Cunningham,  who  has  been 
the  New  England  representative  of 
the  company  for  the  past  two  years. 
Mr.  J.  D.  Maguire  has  been  appointed 
special  sales  representative  of  the  air 
brake  department,  and  will  make  his 
headquarters  at  the  New  York  office 
also,  Mr.  J.  H.  Denton,  who  formerly 
made  his  headquarters  at  the  general 
sales  office  at  New  York,  has  been  ap- 
pointed chief  of  the  inspection  depart- 
ment at  the  Milwaukeee  works,  in 
addition  to  his  position  as  chief  engi- 
neer of  sales  department  for  Christen- 
sen air  brakes.  Mr.  Denton  in  future 
will  be  located  in  the  Milwaukee 
office. 

The  Laidlaw-Dunn-Gordon  Com- 
pany, of  Cincinnati,  Ohio,  have  begun 
the  installation  of  a  $30,000  gas 
pumping  station  for  the  Heat,  Light 
&  Power  Gas  Company,  of  Muncie, 
Ind. 

The  Sidney  Gas  &  Electric  Light 
Company,  Sidney,  Ohio,  are  planning 
to  install  two  new  engines,  an  incan- 
descent light  generator  and  make 
other  improvements. 

The  Consolidated  Railway,  Electric 
Lighting  &  Equipment  Company  has 
elected  Colonel  John  T.  Dickinson, 
hitherto  general  agent,  second  vice- 
president.  Mr.  Dickinson  will  intro- 
duce the  Consolidated  "axle  light" 
system  of  electric  car  lighting  to  rail- 
roads. The  company's  general  office 
is  now  in  the  Hanover  Bank  Building, 
Pine  and  Nassau  streets,  New  York 
City. 

The  North  Shore  Electric  Com- 
pany, which  largely  supplies  the  light- 
ing and  power  facilities  of  the  North 
Shore,  between  Evanston  and  Wau- 
kegan,  111.,  has  received  a  franchise 
from  Wilmette  and  will  soon  be  op- 
erating there.  The  growth  of  the 
company,  of  which  Samuel  Insull  is 
president,  has  been  highly  satisfactory 
during  the  last  year. 

The  annual  meeting  of  the  stock- 
holders of  the  Standard  Underground 
Cable  Company  was  held  at  the  gen- 
eral offices  of  the  company  in  the 
Westinghouse  Building,  Pittsburg, 
Pa.,  on  January  26,  1904.  The  state- 
ment of  the  company's  operations  for 
the  year  was  presented,  showing  that 
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the  company  did  a  gross  business  of 
nearly  $9,000,000  during  the  year 
1903;  that  dividends  were  paid  on  its 
capital  stock,  aggregating  12  per 
cent.,  and  that  the  company's  assets 
aggregate  the  sum  of  $3,604,457,  with 
only  $375,344  of  liabilities  apart  from 
capital  stock.  There  are  no  outstand- 
ing notes,  mortgages,  bonds,  or  pre- 
ferred stock.  The  board  of  directors 
elected  for  the  ensuing  year  is  made 
up  as  follows: — Mark  W.  Watson, 
John  B.  Jackson,  James  H.  Willock, 
Robert  Pitcairn,  J.  N.  Davidson,  John 
Moorhead,  B.F.Jones,  Jr.,  Joseph  W. 
Marsh  and  W.  A.  Conner.  The  only 
change  in  the  board  is  represented  by 
the  election  of  W.  A.  Conner,  who 
has  been  at  the  head  of  the  manufac- 
turing department  of  the  company 
since  1884.  The  meeting  of  the 
board  of  directors  for  purpose  of  or- 
ganization was  held  on  the  29th  inst., 
and  the  former  officers  were  re-elected 
as  follows: — Mark  W.  Watson,  presi- 
dent; Joseph  W.  Marsh,  vice-presi- 
dent and  general  manager;  Frank  A. 
Rinehart,  treasurer,  and  C.  M. 
Hagen,  auditor. 

It  is  understood  that  the  Fall  River 
Electric  Light  Company,  Fall  River, 
Mass.,  are  considering  making  impor- 
tant improvements  to  their  power 
station  the  coming  season. 

The  Moline  Incandescent  Lamp 
Company  has  been  incorporated  at 
Moline,  111.,  by  Albert  H.  Kreitler,  C. 
F.  Gantz  and  E.  E.  Morgan.  The 
purpose  of  the  company  is  to  manu- 
facture incandescent  lamps  and  other 
electrical  apparatus.  The  capital  stock 
is  $30,000,  and  the  first  board  of  direc- 
tors is  composed  of  the  following- 
named  gentlemen: — C.  H.  Deere,  E. 
E.  Morgan,  W.  H.  Cooper,  C.  P. 
Skinner,  C.  R.  Wood,  Edward  Coryn 
and  A.  H.  Kreitler. 

The  Beardsworth  Engineering  & 
Machinery  Company,  Cleveland, 
Ohio,  recently  formed,  will  make  a 
specialty  of  selling  and  reinstalling 
complete  second-hand  power  plants. 
It  has  a  number  of  complete  plants  for 
sale  in  various  parts  of  the  country. 
Parties  having  steam  and  electrical 
equipment  too  small  for  their  present 
requirements  may  be  enabled  to  make 
advantageous  exchanges  through  this 
company. 

D.  M.  Stewart  and  Charles  Darling- 
ton, Xenia,  Ohio,  have  organized  a 
lighting  company  and  are  securing 
estimates  on  the  cost  of  equipment  for 
a  plant  large  enough  to  illuminate  the 
town  and  furnish  current  for  private 
lighting  and  manufacturing  purposes. 

The  stockholders  of  The  Otto  Gas 
Engine  Works,  of  Philadelphia,  have 


decided  to  increase  the  capital  of  the 
corporation  from  $600,000  to  $2,500,- 
000,  and  build  a  large,  new  plant  just 
as  soon  as  the  management  can  find 
a  suitable  site  for  the  purpose.  Large 
gas  engines,  producer  gas  plants, 
launches  and  marine  engine,  gaso- 
line hoists,  compressors,  and  other 
adaptations  of  the  gas  engine  will  be 
built  at  the  new  plant.  A  suitable  site 
must  contain  not  less  than  30  acres, 
must  be  located  on  a  good  water  front 
and  must  have  good  railroad  facilities. 

The  Dean  Electric  Company,  Ely- 
ria,  Ohio,  have  organized  with  a 
capital  stock  of  $300,000  to  manufac- 
ture telephone  switchboards  and  elec- 
trical apparatus.  The  company  are 
building  a  modern  factory,  and  report 
being  in  the  market  for  power  appara- 
tus and  machinery  equipment.  Offi- 
cers of  the  new  corporation  are: — 
President,  S.  B.  Rawson;  vice-presi- 
dent, W.  W.  Dean;  secretary,  A.  E. 
Barker,  and  treasurer,  T.  M.  Brush. 

An  important  export  order  was 
closed  a  few  weeks  ago  with  the  Ma- 
nila Construction  Company,  an  Amer- 
ican corporation  conducting  operations 
in  the  city  of  Manila,  P.  I.,  for  a  com- 
plete power  equipment  for  the  city  trac- 
tion system.  The  order  was  secured 
through  Westinghouse,  Church,  Kerr 
&  Company,  and  comprises  the  fol- 
lowing machinery  : — Three  750-K.W. 
Westinghouse  turbo-generator  units ; 
two  compound  engine  exciter  units ; 
one  motor-driven  exciter  unit ;  three 
500-K.W.  rotary  converters ;  one  300- 
K.W.  rotary  converter;  four  250- 
K.W.  oil-insulated  transformers;  a 
complete  switchboard,  and  one  series 
booster.  This  booster  is  mounted  on 
the  extended  shaft  of  one  of  the  rotary 
converters.  The  first  turbo-generator 
unit  will  be  delivered  in  about  nine 
months.  The  turbine  will  operate  at 
150  lbs.  steam,  26"  to  27"  vacuum,  and 
150  degs.  superheat.  It  will  be  fitted 
with  the  usual  by-pass  for  securing  an 
overload  capacity  of  50  per  cent.  It 
will  also  be  equipped  with  a  quick- 
closing  throttle  valve.  The  turbo- 
generators will  furnish  three-phase, 
60-cycle  current  at  380  volts ;  part  of 
the  current  will  be  converted  to  direct- 
current  by  the  power  house  railway 
sub-station,  and  the  remainder  will  go 
to  transformers  for  supplying  high- 
tension  distributing  system.  The 
transformers  are  oil-cooled  and  con- 
nected in  the  two-phase-three-phase, 
or  Scott  system  for  three-phase  trans- 
mission. The  turbine  machinery  will 
also  furnish  current  to  the  local  light 
and  power  system. 

The  Willard  Storage  Battery  Com- 
pany, Cleveland,  Ohio,  manufacturers 
of  storage  batteries,  have  moved  into 


larger  quarters  at  Twenty-seventh  and 
Clair  streets,  and  will  make  extensive 
improvements  to  the  building.  They 
will  install  200  horse  power  of  boilers 
and  engines  and  two  75-K.W.  genera- 
tors for  lighting  and  power.  They 
will  buy  considerable  new  machine 
tool  equipment  and  will  install  a  com- 
plete woodworking  outfit  for  manufac- 
turing their  own  battery  cases.  T.  A. 
Willard  is  the  general  manager  of  the 
company. 

A  report  from  London  states  that  a 
company  has  been  formed  in  Berlin, 
under  the  title  of  the  United  Steam 
Turbine  Company,  to  acquire  the 
patent  rights  in  Germany  of  the  Cur- 
tis, the  Riedler,  and  the  Stumpff  tur- 
bines. This  is  said  to  be  the  outcome 
of  agreements  between  the  Allge- 
meine  Electricitats-Gesellschaft,  of 
Berlin,  and  the  European  branch 
companies  of  the  General  Electric 
Company  of  America,  the  Curtis  Tur- 
bine Company,  Profs.  Riedler  and 
Stumpff,  and  the  German  Inventions 
Introduction  Company. 

The  Sao  Paulo  Tramway,  Light  & 
Power  Co.,  operating  a  large  power 
and  lighting  system  in  Sao  Paulo, 
Brazil,  is  said  to  be  preparing  to  ex- 
tend its  plant  to  the  Tiete  river.  The 
equipment  is  of  American  build,  the 
generators  being  of  General  Electric 
manufacture,  while  the  Stilwell- 
Bierce  &  Smith- Vaile  Co.,  of  Dayton, 
Ohio,  secured  the  contract  for  the  tur- 
bines. William  Mackenzie,  of  Toron- 
to, is  president  of  the  company,  and 
F.  S.  Pearson,  of  New  York,  is  con- 
sulting engineer. 


The  electric  railroads  of  the  United 
States  carried  three  times  the  popula- 
tion of  the  earth  last  year.  The  Man- 
hattan Elevated  Railway,  of  New 
York  City,  alone,  carries  over  a  mil- 
lion passengers  a  day. 


John  Leonard  Kebler,  of  Lawrence 
Park,  Bronxville,  N.  Y.,  died  sud- 
denly on  February  2,  1904,  at  Albu- 
querque, New  Mexico,  from  an  acute 
intestinal  disorder.  Mr.  Kebler's 
death  comes  as  a  great  blow  to  his  rela- 
tives here,  as  he  was  expected  to  re- 
turn home  in  perfectly  restored  health 
within  the  next  few  weeks.  Mr.  Keb- 
ler was  twenty-four  years  old.  His 
parents  died  when  he  was  eight  years 
old;  since  then  he  has  lived  with  his 
uncle,  Mr.  H.  Ward  Leonard.  He 
graduated  in  1900  from  Columbia  Un- 
iversity, taking  the  degree  of  Electri- 
cal Engineer.  At  the  age  of  twenty- 
one  he  was  appointed  Vice-President 
and  General  Manager  of  the  Ward 
Leonard  Electric  Company,  which  po- 
sition he  held  at  the  time  of  his  death. 
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Electric    Power   in    British    Coal 
Mines 

ELECTRICALLY  driven  coal- 
cutting  machines  are  coming 
largely  into  use  in  Lancashire. 
According  to  the  London  "Electrical 
Review,"  they  have  been  extensively 
employed  since  1899  by  one  of  the 
most  prosperous  colliery  concerns  in 
that  county, —  the  Hutton  Colliery  Co., 
Ltd.,  whose  mines  are  in  the  Wigan 
district, — and  have  been  found  to  effec- 
tually supersede  manual  labor.  The 
experimental  stage  has  been  passed. 

"It  may  be  thought,"  said  Mr. 
Alfred  Tonge,  who  is  intimately  con- 
nected with  the  management,  recent- 
ly, "that  we  have  carried  experimen- 
tation too  far,  but  I  do  not  find  that 
we  have  suffered  much  from  this. 
Each  make  of  cutter  we  have  tried  has 
some  special  feature  which  suits  the 
mine.  The  Jeffrey  disc  long-wall 
cutter  was  our  first  choice,  because  it 
seemed  best  to  us,  at  the  time,  for 
thin  seams.  It  was  put  to  work  in  a 
half-yard  seam,  and  afterwards  trans- 
ferred to  a  1  ft.  8  in.  seam,  and  its 
work  was  so  satisfactory  that  a  sec- 
ond machine  of  the  same  type  was 
purchased.  The  next  _kind  of  ma- 
chine tried  was  the  Diamond  long- 
wall,  which  was  used  in  a  thicker 
seam,  and  after  that  the  Morgan- 
Gardner,  which  latter  was  obtained 
chiefly  for  the  purpose  of  enabling  us 
to  dispense  with  the  use  of  rails  in 
thin  seams,  and  because  of  its  com- 
pactness. Then  we  experimented 
with  the  Hurd  three-face  bar  cutter 
and  the  Diamond  three-face  disc  cut- 
ter, in  our  newly  opened  pits."  The 
general  results  of  these  experiments, 
Mr.  Tonge  said,  was  very  satisfactory. 
The  Jeffrey,  the  Diamond,  and  the 
Morgan-Gardner  have  been  in  use 
now  four  years,  and  have  proved  their 
superiority  to  manual  labor  in  many 
ways.  "The  amount  of  coal  cut  by 
these  machines/'  says  Mr.  Tonge,  "in 
1902,  was  41,850  tons,  or  more  than 
half  the  total  amount  cut  bv  machin- 


ery in  that  year  in  the  whole  of  the 
Manchester  district.  At  the  present 
time  they  are  cutting  at  the  rate  of 
100,000  tons  for  the  year."  Not  the 
least  important  factor  in  the  use  of 
these  mechanical  cutters  is  a  change 
in  the  character  of  the  coal.  Less 
slack  is  produced  in  proportion  to 
"round  coal."  In  the  Hutton  Col- 
lieries the  production  of  coal  has  been 
increased  about  10  per  cent. 

Mr.  Tonge  claims  for  the  electrical 
coal  cutters  the  following  distinct  ad- 
vantages:— (r)  More  output  per  man 
employed;  (2)  coal  economically 
worked  which  previously  had  been 
unworkable  at  a  profit  by  hand;  (3) 
more  systematic  working;  (4)  better 
round  coal  in  three  out  of  four  mines; 

(5)  greater  area  exposed  in  the  same 
time,  in  two  out  of  four  seams;  and 

(6)  premium  per  ton  for  risk  of  life 
reduced    by    one-third. 


Progress   in    the   Generation  and 
Use   of   Electric    Energy 

THE  production  of  electricity  di- 
rect from  coal  without  inter- 
mediary processes,  says  "Cas- 
sier's  Magazine,"  has  been  the  dream 
of  inventors  for  many  years  past ; 
but  energy  and  ingenuity  in  this  field 
seem  to  have  been  largely  misspent. 
Certainly  no  progress  worth  men- 
tioning has  been  made  in  the  past 
ten  or  twelve  years,  even  though 
periodically  rose -colored  accounts 
have  appeared  of  some  new  way  of 
attaining  the  desired  end.  What 
progress  there  has  been  in  the  gen- 
eration and  use  of  electric  energy 
has  come  along  conventional  lines — 
through  improvement  in  the  steam 
engine,  the  development  of  the  steam 
turbine  and  the  gas  engine,  and  the 
perfecting  of  electric  lamps  and  intro- 
duction of  new  and  more  economical 
lighting  systems,  such  as  that,  for  ex- 
ample, represented  by  the  Cooper 
Hewitt  mercury  vapor  lamp.  The 
gas  engine  to-day  comes  nearer  the 
commercial  successful  direct  producer 


of  electricity  from  fuel  than  anything 
else,  and  no  one  has  been  quicker  to 
realize  this  and  to  try  to  provide  for 
the  requirements  which  will  ultimate- 
ly spring  from  this  fact  than  the 
builder  of  large  steam  engines.  Hence 
we  find  the  large  gas  engine  in  a  num- 
ber of  cases  as  an  auxiliary  output  of 
the  steam  engine  shop,  with  fair 
promise  of  becoming  the  chief  end  of 
the  business  in  the  near  future;  and 
where  the  gas  engine  has  not  thus 
been  taken  up,  the  steam  turbine  has 
taken  its  place,  with  the  result  that 
this  once  despised  rotary  motor  is 
now  on  the  market  in  a  number  of 
different  designs  and  has  orders  to  its 
credit  of  hundreds  of  thousands  of 
horse  power. 


Electric   Motor   Breakdowns 

JUDGED  from  some  of  the  things 
told  in  the  latest  annual  report  of 
Mr.  Michael  Longridge,  chief  en- 
gineer of  the  Engine  and  Boiler  Insur- 
ance Co.,  of  Manchester,  Eng.,  the  in- 
surance of  electric  motors  would  seem 
to  be  a  highly  speculative  business. 
Taking  a  general  average,  one  dyna- 
mo in  twelve  has  an  accident  during 
the  year,  whilst  one  motor  in  eight 
may  be  expected  to  break  down.  In 
certain  industries,  however,  the  "mor- 
tality," if  one  may  use  the  term,  is 
much  higher,  since,  on  the  average  of 
motors  employed  in  collieries,  one  in 
three  breaks  down  annually;  whilst  of 
those  used  in  actual  coal  cutting,  the 
casualty  rate  is  as  high  as  50  per  cent. 
Further,  this  class  of  machine  suffers 
from  general  deterioration  to  a 
marked  degree. 

In  the  case  of  motors,  fully  one- 
fourth  the  failures  arise  from  old  age 
The  insulation  in  many  instances  is 
found  affected  to  such  an  extent  that, 
if  disturbed,  it  falls  to  pieces,  and  dam- 
age to  a  single  conductor,  therefore, 
involves  the  complete  rewinding  of 
the  armature.  Overloading,  as  a 
cause  of  failure,  is  apparently  less 
common,  but  is  still  responsible  for 
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one-seventh  of  the  total  motor  break- 
downs. In  one  case  a  two  horse 
power  motor,  designed  for  a  current 
of  17  amperes,  was  fitted  with  a  "fuse" 
consisting  of  a  length  of  No.  18  B.  W. 
G.  copper  wire  calculated  to  melt  at 
108  amperes.  On  test,  it  was  found 
that  the  working  current  varied  be- 
tween 23  and  27  amperes,  rising  to  30 
at  starting.  In  a  sister  motor  of  the 
same  size,  the  current  at  starting  rose 
to  105  amperes.  A  curious  accident 
noted  is  the  fracture  of  the  armature 
shaft  of  a  small  motor.  The  break 
started  in  a  V-groove  less  than  1/16- 
inch  deep,  turned  in  the  shaft  to 
prevent  the  creeping  of  oil.  The 
localization  of  strain  thus  occasioned 
is  an  obvious  source  of  weakness. 


Electric    Car    Lighting 

THE  Chicago,  Milwaukee  &  St. 
Paul  Railway  has  283  cars 
equipped  with  electric  light 
apparatus,  says  the  "Railway  Age," 
the  current  coming  from  a  dynamo  lo- 
cated in  the  baggage  car  and  operated 
by  a  small  engine,  a  method  which  has 
been  the  favorite  upon  that  road  from 
the  earliest  experiments  with  electric 
current  for  lighting  purposes,  which  it 
began  over  16  years  ago.  The  above 
number  of  cars  includes  146  coaches, 
60  sleepers,  23  mail,  12  dining,  19  bag- 
gage, 18  parlor  and  5  buffet  cars. 
Nine  trains  thus  equipped  are  in  ser- 
vice each  night,  each  train  consisting 
on  an  average  of  10  cars.  Besides  this 
equipment  the  road  has  8  coaches 
and  9  sleepers  lighted  entirely  by  stor- 
age batteries.  The  electrical  depart- 
ment is  now  experimenting  with 
axle-lighting  dev  ces,  3  cars  having 
been  equipped  with  one  each  of  three 
different  systems. 


Coa.1    Production    in   1903 

REPORTS  received  by  "The 
Black  Diamond"  show  that  the 
total  production  of  coal  in  the 
United  States  was,  in  round  numbers, 
358,000,000  long  tons  of  anthracite  and 
short  tons  of  bituminous  coal  during 
the  year  1903.  In  1902  the  anthra- 
cite regions  shipped  31,213,911  tons, 
and  in  1901  the  shipments  aggregated 
53,568,601  tons.  The  past  year  has 
been  by  far  the  most  important  in  the 
matter  of  production  in  the  history  of 
that  branch  of  the  industry.  All  pre- 
vious records,  including  that  of  1901, 
which  was  considered  remarkable  at 
the  time,  have  been  broken,  and  it 
may  be  a  good  many  years  before  pro- 
duction will  exceed  that  of  the  year 
1903. 

The  total  production  of  anthracite 


coal  for  the  past  five  years  is  given  as 
follows : — 

Production, 

Year.  Long  Tons. 

1899  53,944,647 

1900  51,221,353 

1901  60,194,530 

1902  36,865,710 

1903 65,500,000 

The  total  production  of  bituminous 
coal  in  the  United  States  during  1903 
was  approximately  292,238,505  tons, 
as  compared  with  260,033,071  tons 
the  previous  year. 


The    Bucholtz   Stea.m    Turbine 

OF  the  Bucholtz  steam  turbine, — 
a  new  type,  of  German  origin, 
— E.  Kilburn  Scott  says,  in  the 
London  "Electrical  Review,"  that  for 
simplicity  of  construction  it  is  prob- 
ably unequalled.  According  to  his 
description,  it  consists  simply  of  a 
series  of  brass  discs  or  washers,  half 
of  them  fastened  to  the  case  of  the 
turbine  and  the  other  half  placed  al- 
ternately and  mounted  on  the  spindle, 
the  clearance  between  the  plates  being 
a  fraction  of  a  millimeter.  In  the  fixed 
plates  a  series  of  concentric  holes 
are  drilled  straight  through,  that  is  to 
say,  with  the  drill  at  right  angles  to 
the  plate.  In  the  rotating  plates  there 
is  a  similar  series  of  holes,  but  they 
are  drilled  at  a  considerable  angle 
with  the  plane  of  the  plate.  Thus,  in 
passing  through  the  holes  from  one 
end  of  the  turbine  to  the  other,  the 
steam  is  thrown  against  the  slanting 
holes  in  those  plates  mounted  on  the 
spindle,  making  them  rotate. 

When  the  steam  has  passed 
through  the  rows  of  holes  nearest 
the  periphery,  it  works  back  again 
through  another  series  of  holes  nearer 
the  spindle,  and  so  on,  forwards  and 
backwards,  until  it  finishes  up  at  the 
row  next  the  spindle.  There  is,  there- 
fore, no  end  thrust,  and,  by  reversing 
the  direction  of  the  steam  and  putting 
it  in  at  the  row  next  the  spindle  and 
taking  it  out  at  the  row  nearest  the 
periphery,  the  turbine  is  made  re- 
versible. 


Gas    Power    for   Electric    Central 
Stations 

IN  a  paper  dealing  with  the  advant- 
ages of  operating  electric  central 
stations  in  connection  with  gas 
works,  recently  read  before  the  Amer- 
ican Institute  of  Electrical  Engineers, 
Mr.  J.  R.  Bibbins  gives  the  results 
obtained  at  a  large  number  of  stations 
using  various  qualities  of  gas,  both 
for  steam  raising  and  engine  driving, 
and  showing  the  economy  resulting 
from  the  direct  combustion  of  power 
gas  in  internal  combustion  engines. 

The    four    contentions    upon    which 
he  offers  his  testimony  are: — 


1.  That  present  gas-power  machin- 
ery is  suitable  for  central  station  ser- 
vice. 

2.  That  a  well-equipped  gas-power 
electric  plant  can  operate  with  far 
better  economy  than  a  steam  plant 
under  similar  conditions. 

3.  That  its  operation  is  much  sim- 
pler and  requires  less  running  ex- 
pense for  the  same  results. 

4.  That  a  gasworks,  laboring  under 
low  load  or  output  factor,  can  profit- 
ably install  a  gas-power  electric  gen- 
erating station  and  become  its  own 
largest  customer,  selling  both  gas  and 
electricity  at  competitive  prices. 

From  the  results  of  the  working  of 
12  plants  having  an  average  of  about 
315  B.  H.  P.  capacity,  employed  for 
lighting  and  power  purposes,  he 
shows  that  all  classes  of  generators 
are  capable  of  being  satisfactorily  run 
by  gas  engines,  including  polyphase 
generators  running  in  parallel,  and 
demonstrates  the  economy  obtained 
by  replacing  steam  engines  by  gas  en- 
gines. 

In  regard  to  continuous  running, 
he  instances  a  65-H.  P.  two-cylinder 
vertical  gas  engine  running  for  8230 
hours  out  of  8472,  and  of  the  3  per 
cent,  time  in  which  the  engine  was 
not  in  operation,  only  0.6  per  cent,  of 
the  total  time  was  attributable  to  the 
machine. 

The  engine  ran  for  1 157  hours 
without  stopping,  and  was  then  shut 
down  to  repair  a  belt.  Other  engines 
operate  96  to  98  per  cent,  of  elapsed 
time.  In  central  station  works  there 
is  usually  ample  time  for  any  inspec- 
tion and  repair.  No  special  skill  is 
required  for  operating  a  gas  plant. 

In  cost,  the  gas  engine  equipment 
is  quite  comparable  with  that  of  a 
steam  plant;  especially  is  this  the  case 
when  condensers,  heaters,  pumps, 
etc.,  are  considered. 

In  economy  of  fuel  the  gas  engine 
admittedly  has  no  rival,  the  steam  en- 
gine and  boiler  giving  about  16  per 
cent,  thermal  efficiency,  while  the  gas 
engine  at  full  load  gives  25  per  cent, 
and  over.  An  important  source  of 
economy  in  gas  plants  is  the  fact  that 
as  soon  as  an  engine  is  shut  down  all 
heat  losses  cease,  and  that  there  is  no 
such  loss  as  condensation  in  transmis- 
sion of  the  gas  from  the  producer. 
Gas  engines  can  be  started  up,  from 
cold,  in  from  40  seconds  to  a  couple 
of  minutes.  As  between  25  per  cent, 
and  50  per  cent,  of  the  heat  employed 
in  the  gas  engine  is  carried  off  in  the 
circulating  water,  where  this  can  be 
employed  for  heating  purposes,  the 
efficiency  of  the  gas  engine  is  greatly 
increased  above  that  given. 

Many  classes  of  fuel  gas  are  avail- 
able for  employment  in  gas  engines, 
and   when   reduced  to   thermal   value 
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per  cubic  foot  of  explosive  mixture, 
the  ratings  are  nearly  equal: — 

Approximate 

B.Th.U.  percb.  ft. 

Gas.  Mixture. 

1.  Natural    gas 1,000  91.0 

2.  Coal    gas 650  91.7 

3.  Water  gas 300  88.0 

4.  Carburetter!  water  gas 600  92.0 

5.  Producer   gas 120  to  145  60  to  68 

6.  Coke  oven  gas 600  90.0 

7.  Blast  furnace  gas 90  53.0 

Blast  furnace  and  producer  gas  will 
give  within  1 6  to  20  per  cent,  of  the 
power  in  the  same  engine  that  can  be 
obtained  from  coal  gas,  but  the  lower 
quality  of  gas  has  the  advantage  of 
less  tendency  to  pre-ignition,  or  "back 
firing,"  so  that  compression  can  be 
carried  higher,  with  its  increased 
economy.  A  comparison  between 
two  plants  gave  the  cost  of  coal  in  the 
steam  plant  at  1.38  cents  per  K.W.- 
hour,  and  in  the  gas  plant  0.75  cents, 
or  a  saving  of  45.5  per  cent. 

In  the  case  of  a  plant  first  started 
on  steam  raised  by  natural  gas,  then 
converted  to  gas  engines  for  driving, 
the  saving  in  total  operating  cost 
amounted  to  40.5  per  cent.,  while 
though  there  was  an  increase  of  30 
per  cent,  in  station  output,  the  con- 
sumption of  gas  was  reduced  by  7  per 
cent. 


Testing  Pneumatic   Tires    Electri- 
cally 

IF  pneumatic  tires  are  tested  on  a 
revolving  drum,  which  is  the 
usual  method  employed,  the 
curvature  of  the  drum  reverses  the 
curvature  of  the  fabric  every  time  the 
wheel  revolves,  making  the  condi- 
tions unlike  those  encountered  in  ac- 
tual service. 

In  order  that  the  fabric  of  the  tire 
may  be  merely  flattened  at  the  tread 
where  it  is  distorted  under  load,  the 
Palmar  Tyre,  Ltd.,  employs  an  ap- 
paratus in  its  Birmingham,  England, 
experimental  department-  which,  the 
London  "Electrical  Review"  says,  is 
different  from  anything  of  the  kind 
in  existence.  Two  pneumatic  tired 
wheels  are  run  together,  both  inflated 
to  the  same  pressure.  By  this  means 
each  tire  forms  the  equivalent  to  a 
flat  road  to  the  other. 

Wheel  No.  1  is  pressed  against 
wheel  No.  2  by  a  lever  carrying  heavy 
weights,  which  are  in  a  pit  under- 
neath the  apparatus.  These  weights 
represent  the  load.  Wheel  No.  2  is 
so  arranged  that  it  may  be  turned 
upon  a  horizontal  line  at  right  angles 
to  its  axle  in  such  a  manner  that  when 
so  turned  it  revolves  in  a  different 
plane  from  wheel  No.  1.  In  order  to 
keep  No.  2  wheel  steady,  its  support 
is  _  attached  to  a  heavy  pendulum 
weighing  upwards  of  2  tons. 

If  this  pendulum  is  caused  to  rock 
to  and  fro  while  the  wheels  are  re- 
volving, the  strains  which  are  set  up 
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in  the  fabric  of  the  tires  are  similar  in 
character  to  those  which  take  place 
in  the  fabric  of  motor-car  tires  when 
driven  rapidly  round  curves  varying 
in  direction. 

Two  50-H.  P.  electric  motors  are 
employed,  both  of  which  may  be  used 
either  as  a  motor  or  as  a  dynamo. 
Assuming  that  No.  1  wheel  is  driven 
by  No.  1  motor,  and  that  No.  2  motor 
is  disconnected,  the  apparatus  is  then 
"running  light,"  and  if  the  pendulum 
is  stationary  in  a  vertical  position,  the 
conditions  are  then  similar  to  those 
of  tires  on  a  loaded  car  running  on  a 
level  road,  No.  1  being  the  driving 
and  No.  2  the  front  wheel. 

If  No.  2  motor  is  connected  as  a 
dynamo,  then  the  conditions  at  No.  1 
wheel  are  similar  to  a  loaded  car  go- 
ing up  a  very  steep  hill,  and  the  con- 
ditions at  No.  2  wheel  are  like  those 
of  a  loaded  car  going  down  a  very 
steep  hill  with  the  brakes  fully  on. 

The  switchboard  instruments  show 
at  a  glance  how  much  electrical  horse 
power  is  supplied  to  motor  No.  I,  and 
also  how  much  is  given  out  by  motor 
No.  2  being  run  as  a  dynamo;  and  by 
making  allowance  for  friction  of  the 
apparatus,  an  approximate  estimate 
may  be  obtained  of  the  power  ab- 
sorbed by  the  tires,  which  is  very  use- 
ful in  comparing  different  makes.  A 
series  of  jets  of  air  directed  on  to  the 
surface  of  the  tires  make  the  condi- 
tions similar  to  those  of  a  motor  car 
traveling  in  the  open  air. 

The  number  of  tests  which  may  be 
made  by  this  apparatus  is  almost  un- 
limited. 

By  switching  the  electric  current 
from  No.  1  motor  to  No.  2,  the  whole 
of  the  conditions  may  be  reversed,  so 
that  the  operator  can  test  both  tires 
for  a  given  time  under  all  conditions. 
The  strains  which  the  fabric  of  the 
tire  may  be  subjected  to  by  this  ap- 
paratus are  incomparably  greater  than 
could  possibly  be  given  to  the  tires 
under  road  tests,  and  this  is  done 
without  risk  to  life  or  limb.  If  a  tire 
is  not  torn  off  its  rim  when  running  at 
high  speed  on  this  apparatus  with  the 
pendulum  moving,  it  may  be  safely 
assumed  that  it  will  never  come  off  its 
rim  in  ordinary  use. 


Dispersion  of  Fog  by   Electricity 

IN  a  paper  before  the  British  Physi- 
cal Society,  Sir  Oliver  Lodge  de- 
scribes an  experiment  made  by 
him  in  which  two  pieces  of  wire  gauze, 
connected  to  the  terminals  of  an  elec- 
tric machine,  were  placed  opposite 
each  other  in  a  chamber  through 
which  a  current  of  smoke  was  slowly 
passing.  Upon  electrifying  the  pieces 
of  wire  gauze  the  smoke  ceased  pass- 
ing, the   dust  particles   cohered,  hov- 


ered in  the  air  and  were  either  driven 
to  the  sides  of  the  chamber  or  fell  to 
the  bottom.  In  the  case  of  mist,  the 
electrification  of  steam  in  a  bell  jar 
converted  it  into  fine  rain.  It  seems, 
therefore,  possible  that  rain  might  be 
produced  by  the  electrification  of  a 
cloud. 

Pie  tried  later  at  Liverpool  to  dis- 
perse fogs  by  discharging  electricity 
into  them.  For  this  purpose  a  large 
mast  was  erected  on  the  roof  of  a 
convenient  building,  terminating  in  a 
.bundle  of  points,  to  which  electricity 
was  conveyed  from  a  Wimshurst 
machine  by  a  wire  supported  by  spe- 
cially constructed  insulators.  The  dis- 
charge points  may  be  supplemented 
by  a  gas  flame.  Upon  one  occasion 
the  discharge  of  electricity  from  the 
flame  was  sufficient  to  keep  a  clear 
space  of  50  or  60  yards  radius  in  the 
dense  fog. 

He  suggests  that  this  means  may  be 
utilized  on  a  large  scale  to  mitigate 
disastrous  river  fogs.  He  had  pro- 
posed to  erect  for  this  purpose  a  se- 
ries of  masts  for  positive  discharges 
on  one  side  of  a  river  and  a  series  for 
negative  discharges  on  the  other  side. 


Electric  Power  in  India 

THE  enterprise  of  the  Mysore 
Government  in  putting  down 
the  large  hydro-electric  power 
plant  at  the  Cauvery  Falls,  in  India, 
appears  to  have  been  thoroughly  suc- 
cessful. The  plant  was  designed  for 
supplying  power  to  the  Kolar  gold- 
fields,  100  miles  away.  According  to 
"The  Electrical  Engineer,"  of  Lon- 
don, the  demand  for  electric  power  at 
the  goldfields  has  greatly  increased 
since  the  initiation  of  the  scheme,  and 
the  generating  plant  is  to  be  extended 
to  nearly  twice  its  present  capacity. 
The  power  house  at  the  base  of  the 
hill  is  to  be  extended  down  stream  to 
allow  for  the  installation  of  five  addi- 
tional generating  sets  of  720  KW, 
which  will  be  duplicates  of  the  six 
now  in  operation.  A  new  forebay  is 
under  construction  down  stream  from 
the  present  forebay,  and  below  the  ex- 
isting step-up  transformer  station. 
Five  additional  pipe  lines  are  to  be 
laid  from  the  new  forebay,  so  that 
each  generating  unit  will  be  directly 
supplied,  instead  of  one  pipe  line  to 
each  pair,  as  at  present.  The  trans- 
former station  also  is  to  be  extended, 
and  in  order  to  lessen  the  line  losses 
consequent  on  the  necessary  output, 
the  transmission  voltage  is  to  be 
raised  to  35,000  volts.  The  new  elec- 
trical machinery  is  being  supplied,  as 
was  that  originally  installed  by  the 
General  Electric  Company,  of  Sche- 
nectady, New  York,  U.  S.  A.,  and  the 
new    turbines,    too,    come,    as    before, 
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from  the  works  of  Messrs.  Escher, 
Wyss  &  Co.,  of  Zurich,  Switzerland. 
The  cost  of  the  initial  installation  of 
about  4500  H.  P.  is  said  by  "Indian 
Engineering"  to  have  represented  a 
total  capital  outlay  of  £359,817;  but 
deducting  the  cost  of  the  first  year's 
working  and  the  cost  of  the  compres- 
sor houses  on  the  goldfields,  which 
latter  is  chargeable  to  the  mining 
companies,  the  actual  capital  cost 
stands  at  £327,697.  The  actual  pow- 
er of  the  initial  installation  is  500 
H.  P.  greater  than  was  at  first  con- 
templated, and  the  cost  per  horse 
power  as  originally  computed  and  as 
now  installed  works  out  as  £71.84 
and  £72.82,  respectively.  The  cou- 
rageous policy  of  the  Mysore  Gov- 
ernment in  entering  on  this  important 
undertaking  receives  striking  ap- 
proval from  the  way  the  electric 
power  has  been  taken  up  by  the  min- 
ing companies,  which  has  necessi- 
tated the  large  expansion  of  plant 
indicated  above.  And  it  is  possible 
that  the  city  of  Bangalore  will  soon 
take  a  supply  of  energy  for  lighting 
purposes,  as  the  transmission  line 
runs  within  about  eighteen  miles  of 
the  town. 


usefulness  for  their  wares,  which,  with 
the  end  of  the  heated  term,  are  gener- 
ally considered  as  cumbersome  stock 
to  be  carried  over  to  the  next  summer. 


Electric    Iron   Smelting 

WRITING  on  the  subject  of  elec- 
tric iron  smelting,  in  the 
"Oesterreichische  Zeitschrift 
fur  Elektrotechnik,"  Mr.  A.  Keller 
makes  the  point  that  while  in  most 
countries  where  the  iron  industry 
now  flourishes,  the  electric  iron  fur- 
nace would  not  be  commercially  prac- 
ticable, it  has  some  promise  of  success 
in  such  countries  where  coal  is  scarce 
and  water  power  is  abundant.  On  this 
basis  Mr.  Keller  has  worked  out  a 
scheme  for  the  erection  of  an  electric 
steel  plant  in  Brazil. 


A  Winter  Use  for    Electric    Fans 

ELECTRIC    fans    of    the    warm- 
weather  order  have  other  uses, 
says  "Cassier's  Magazine,"  than 
the  familiar  one  of  stirring  up  the  air 
in  times  of  rummer  heat,  and  thus  af- 
fording relief  to  perspiring  humanity. 

For  preventing  the  frosting  of  dis- 
play windows  of  shops  in  winter  time 
there  is  nothing  simpler  or  more  effect- 
ive than  the  air  blast  of  such  a  fan 
directed  against  the  glass.  The  phil- 
osophy of  the  thing  is  plain.  The 
evaporative  effect  of  the  air  current 
simply  prevents  condensation  of  moist- 
ure upon  the  window,  and  affords  re- 
lief from  an  annoyance  which  general- 
ly is  sought,  but  only  imperfectly 
attained,  through  various  other  awk- 
ward means.  Fan  makers  might  find 
it  worth  while  to  exploit  this  field  of 


The    Widening    Use    of    Steam    Tur- 
bines 

WHILE  in  the  United  States  one 
company  of  steam  turbine 
builders  not  long  ago  had  on 
its  books  orders  calling  for  over  300,- 
000  horse  power  in  this  type  of  en- 
gine, British  engineers  also  are  using 
it  in  increasing  numbers. 

A  recent  summary  of  what  is  being 
done  in  London  in  steam  turbine  in- 
stallation showed,  among  the  more 
important  work,  that  the  Chelsea 
power  station  of  the  Underground 
Electric  Railway  Company, — now 
building, — will  be  supplied  with  eight 
turbines  of  7500  horse  power  each,  or 
60,000  horse  power  in  all.  For  the 
generating  station  of  the  Metropoli- 
tan Railway  Company,  turbines  of  an 
aggregate  of  14,000  horse  power  are 
being  installed,  while  Brighton  Cor- 
poration and  Liverpool  Corporation 
have  on  order  plant  of  this  type  to 
the  extent  of  7500  horse  power  and 
4000  horse  power,  respectively.  The 
North  Metropolitan  Power  Company 
are  building  a  station  at  Brimstown 
which  will  supply  energy  for  driving 
a  great  system  of  tramways  in  Mid- 
dlesex and  Hertfordshire,  and  there 
three  turbines,  aggregating  4000 
horse  power,  will  be  used.  The  first 
steam-turbine  electric  plant  of  any 
magnitude  in  Scotland  is  now  about 
to  be  installed  for  the  Clyde  Valley 
Electric  Power  Company,  the  total 
being  16,000  horse  power.  Harrow- 
gate  town  council  are  putting  down  a 
1000   horse    power    turbine,    and    the 


Yorkshire  Electric  Power  Company 
have  on  order  plant  of  a  similar  type 
with  an  output  of  6000  horse  power. 
The  power  is  given  in  round  num- 
bers, but  approximately  the  total  just 
enumerated,  neglecting  the  smaller 
installations,  is  no  less  than  112,000 
horse  power.  The  bulk  of  these  ma- 
chines are  of  the  Parsons  type,  built 
by  the  British  Westinghouse  Com- 
pany; but  some  are  Curtis  turbines, 
made  by  the  British  Thomson-Hous- 
ton Company,  and  a  few  of  the  Par- 
sons model  are  coming  from  the 
shops  of  the  Brush  Electrical  Com- 
pany. On  the  Continent  of  Europe 
turbine  sentiment,  too,  is  found 
strongly  developed,  and  French  and 
German  and  Swiss  builders  are  all 
helping  to  swell  the  horse-power  fig- 
ures to  a  most  commanding  total. 


Removing     Ice    from    Third-Ra.il 
Conductors 

ANEW  method  of  cleaning  third 
rails  of  ice  and  sleet,  mentioned 
by  the  "Western  Electrician,"  is 
to  pour  a  solution  of  chloride  of  calci- 
um along  the  rail,  which  will  remove 
the  ice  almost  instantaneously,  it  is 
said.  This  treatment  is  also  said  to  pre- 
vent ice  from  collecting  for  three  or 
four  hours  after  each  application.  Ex- 
periments have  been  made  on  the 
Grand  Rapids,  Grand  Haven  &  Mus- 
kegon Railway  Company's  lines.  Three 
cars  were  used,  each  with  reservoirs 
located  in  the  motorman's  vestibule.  A 
stopcock  regulated  the  flow  of  the 
liquid,  which  worked  effectively  with 
one-eighth  of  an  inch  of  ice  on  the  rail. 
A  solution  of  salt  has  been  tried  for 
the  same  purpose,  but  has  been  found 
unsatisfactory,  since  it  reduces  the  in- 
sulation of  the  rail. 


An    Alternacting-Currervt    Railway   System 


By    WALTER    M.    McFAKLAND 


THE  alternating-current  single- 
phase  railway  motor,  devel- 
oped by  the  Westinghouse 
Electric  &  Manufacturing  Company, 
makes  possible  a  new  system  of  elec- 
tric traction,  which  possesses  many 
points  of  advantage  over  that  now  in 
general  use.*  The  superiority  of  the 
alternating  current  as  a  system  of 
transmission  and  distribution  has  been 
fully  established.  Its  application  in 
railway  service  has,  however,  until  re- 
cently, been  limited  to  the  transmission 
of  current  from  a  central  power  sta- 
tion   to    distributing    sub-stations,    in 


*In  connection  with  Mr.  McFarland's  article  it 
will  be  interesting  to  refer  to  the  paper  by  Mr. 
Paul  M.  Lincoln,  elsewhere  in  this  issue,  entitled 
"Interurban  Electric  Traction  Systems — Alterna- 
ting-Current vs.    Direct-Current." 


which  it  is  transformed  from  alternat- 
ing to  direct  by  means  of  the  rotary 
converter.  This  limitation  has  been 
due  to  the  fact  that  no  alternating  cur- 
rent motor  has  been  available  which 
possessed  proper  characteristics  for 
the  operation  of  a  car  under  the  usual 
conditions  of  urban  service. 

It  is  essential  that  a  railway  motor 
for  general  service  shall  be  capable  of 
operating  at  variable  speeds,  and  that 
this  speed  variation  shall  be  under  al- 
most exact  control.  These  require- 
ments have  been  successfully  met  by 
the  direct-current  series-wound  motor, 
especially  when  used  in  combination 
with  the  modern  system  of  series-par- 
allel control.  As,  however,  this  sys- 
tem of  control  involves  the  use  of  re- 
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AN     EXPERIMENTAL     CAR,     EQUIPPED    WITH      WESTINGHOUSE    SINGLE-PHASE    MOTORS,    USED    AT   THE  EAST    PITTSBURG    WORKS    OF  THE 

WESTINGHOUSE  COMPANY,  FOR  DEMONSTRATION   OF  THE   ADVANTAGE  OF  THE    SYSTEM. 


sistance  in  series  with  the  motors, 
speed  control  is  obtained  only  at  a  sac- 
rifice of  economy.  It  possesses,  in 
fact,  but  two  "running"  points  of  full 
efficiency,  namely,  with  motors  in  par- 
allel, and  with  motors  in  series,  with 
resistance  cut  out  in  both  cases.  At 
all  other  points  energy  is  wasted  in 
the  resistance.  This  condition  limits 
continuous  operation  to  two  running 
speeds,  as  it  is  impracticable  to  equip 
a  car  with  resistance  of  sufficient  ca- 
pacity for  continuous  service. 

With  the  alternating  system  a  more 
economical  control  is  possible,  as 
speed  variation  is  obtained  by  a 
change  in  voltage,  which  does  not  in- 
volve the  use  of  the  series  resistance. 
This  system  possesses  the  further  ad- 
vantage that  it  permits  economical 
operation  at  any  speed  within  the  ca- 
pacity of  the  motors. 

In  general,  the  new  system  includes 
a  transmission  of  current  from  a  cen- 
tral power  station  at  any  desirable 
voltage.  Static  transformers  of  stand- 
ard type  reduce  the  potential  to  that 
selected  for  the  trolley  line.  These 
transformers  may  be  located  at  con- 
venient points,  and  sub-station  at- 
tendants will  not  be  needed,  thus 
greatly  reducing  the  cost  of  operation. 

As  the  system  is  single-phase,  a 
single  circuit  only  is  required.  The 
advantages  of  the  present  direct-cur- 
rent system  in  this  respect  are,  there- 
fore, retained,  while  the  possibility 
of  high  potentials  will  greatly  lessen 


the  cost  of  line  construction.  A 
transformer  on  the  car  again  re- 
duces the  voltage,  thus  making  it 
possible  to  wind  the  motors  for  a  low 
potential.  In  this  way  the  problems 
of  insulation  are  greatly  simplified, 
and  the  dangers  of  short-circuit  and 
motor  burn-out  are  reduced  to  a  mini- 
mum. The  presence  of  a  transformer 
on  the  car  between  the  motors  and 
the  line  practically  eliminates  danger 
to  the  motors  from  lightning  or  other 
static  disturbances. 

Alternating  -  current  single -phase 
motors  have  been  designed  by  the 
Westinghouse  Company,  and  will  be 
manufactured  in  sizes  of  50,  75,  100, 
and  150  horse  power.  Twenty-five 
cycles  have  been  adopted  as  standard, 
thus  conforming  to  existing  practice 
for  power  circuits.  Motors  adapted 
to  lower  frequencies  are  also  practi- 
cable, and  indeed  the  first  experimen- 
tal single-phase  motors  were  con- 
structed for  2000  alternations  per 
minute. 

The  field  of  the  alternating-current 
series  motor  consists  essentially  of  a 
laminated  core  of  circular  punchings 
of  soft  steel,  securely  bolted  together 
and  held  rigidly  within  a  cylindrical 
frame  of  cast  steel.  End  bells,  accu- 
rately fitted  and  bolted  to  the  frame 
complete  the  motor  casing.  Lugs 
are  provided  on  the  casing  for  the 
motor  suspension  and  for  the  support 
of  the  gear  case.  Brackets  for  the 
armature    bearings    form    a    part    of 


these  end  bells.  Solid  cast-iron  bear- 
ing shells  with  babbit  linings  are  used 
for  the  armature  shaft.  The  axle 
boxes  are  horizontally  divided  and 
babbit-lined.  Oil  and  waste  lubrica- 
tion is  used  throughout.  The  upper 
caps  of  the  armature  bearing  are  cast 
solid  with  the  frame.  The  lower  caps 
are  securely  held  by  bolts.  Axles  and 
wheels  may,  therefore,  be  removed 
without  disturbing  the  motor.  The 
gear  cases  are  of  standard  design. 

The  laminated  field  core  contains 
inwardly  projecting  poles  of  rectangu- 
lar section.  The  field  coils  are  held  in 
place  by  simple  and  easily  adjusted 
hangers,  and  are  wound  with  copper 
strap,  bent  on  edge,  and  insulated 
after  being  formed. 

The  armature  consists  of  a  drum- 
type  core,  with  open  slots,  wound  with 
machine-formed  coils  of  copper  strap, 
connected  in  multiple.  The  coils  are 
held  in  place  by  retaining  wedges  of 
hard  fiber  which  fit  in  grooves 
punched  in  the  armature  teeth.  There 
are  no  band  wires  over  the  core.  The 
brush-holders  are  of  the  sliding  shunt 
type  with  carbon  brushes. 

An  exhibition  car  equipped  with 
motors  of  this  type  has  been  in  opera- 
tion at  the  Westinghouse  Works  at 
East  Pittsburg,  Pa.,  for  many  months, 
and  has  fully  demonstrated  the  prac- 
ticability of  the  system.  These  mo- 
tors have  a  capacity  of  125  horse 
power  each,  on  the  basis  of  standard 
railway  'rating. 
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The  illustration  on  page  99  gives 
a  view  of  the  experimental  car.  The 
equipment  includes  : — four  motors, 
complete  with  pinions,  gears  and  gear 
cases;  one  main  auto-transformer; 
one  light  transformer;  one  balancing 
transformer;  one  induction  regulator; 
one  regulator  switch;  one  reverse 
switch;  one  motor  cut-out  switch;  one 
circuit  breaker;  two  resistance  grids; 
two  master  controllers;  one  series  mo- 
tor for  air  compressor;  three  junction 
boxes;  four  seven-point  connection 
sockets;  one  seven-point  connection 
jumper;  one  storage  battery  consist- 
ing of  14  cells;  and  one  Westinghouse 
air  brake  equipment,  complete. 

With  the  exception  of  the  two  mas- 
ter controllers,  all  the  apparatus  is 
mounted  underneath  the  car  body. 
Two  motors  are  mounted  on  each 
truck.  The  connections  are  arranged 
in  pairs,  each  pair  consisting  of  two 
armatures  in  series  and  two  fields  in 
series.  The  two  pairs  are  connected 
in  multiple. 

Across  the  two  pairs  of  armatures 
a  balancing  or  equalizing  transformer 
is  permanently  connected,  with  its 
middle  point  connected  to  the  points 
of  connection  of  the  two  armatures 
forming  each  pair.  This  arrange- 
ment insures  equal  voltages  on  the 
four  armatures  under  all  conditions  of 
service. 

The  car  transformer  reduces  the 
trolley  voltage  to  about  300  volts. 
From  the  car  transformer  current 
passes  to  the  induction  regvdator,  the 
design  of  which  is  such  that  a  poten- 
tial of  100  volts  above  or  below  that  of 
the  transformer  may  be  obtained.  In 
this  way  a  speed  variation  over  a  wide 
range  is  secured,  and  by  a  method 
which  gives  a  high  economy  at  any 
speed.  Any  position  of  the  controller 
may  be  used  for  continuous  running. 
In  this  respect  the  new  system  pos- 
sesses a  decided  advantage  over  pres- 
ent practice. 

The  regulator  is  operated  pneu- 
matically. Air  for  this  purpose  is 
supplied  by  the  compressor  which 
also  feeds  the  air-brake  cylinders.  All 
switch-operating  cylinders  are  con- 
trolled by  electro-magnetic  valves, 
actuated  by  current  from  the  storage 
batteries. 

A  point  which  must  be  emphasized 
in  connection  with  this  new  motor  is 
that  its  elements  have  all  been  tested 
by  years  of  use.  It  contains  no  un- 
tried features,  although  the  combina- 
tion is  decidedly  novel.  The  genius 
of  Lamme  found  the  way  of  overcom- 
ing what  had  long  been  considered 
insuperable  difficulties.  So  far  from 
there  being  trouble  with  sparking  at 
the  commutator,  there  is  decidedly 
less  under  severe  loads  than  with 
direct-current  motors. 


The  exhibition  car  at  East  Pitts- 
burg has  been  tested  repeatedly  by 
prominent  electrical  engineers  who 
have  had  every  opportunity  to  ob- 
serve the  working  of  the  motors  and 
of  the  alternating-current  system  un- 
der all  conditions  of  service. 

It  has  been  pretty  generally  known 
that  the  projected  electric  road  from 
Baltimore  to  Washington  is  to  be 
equipped  with  this  system,  and  it  had 
been  expected  that  the  road  would  be 
in  operation  by  the  autumn  of  1903. 
Complications  due  to  the  depression  in 
Wall  Street  have  delayed  the  work 
temporarily,  but  it  will  be  carried  to 
completion  ere  long.  But  for  this  de- 
lay the  new  system  would  by  this 
time  have  been  for  several  months  in 
everyday  use,  and  its  merits  would 
have  been  demonstrated  to  the  gen- 
eral public. 


The    St.    Louis    Exposition 

ALL  things  appear  to  work  to  the 
end  of  making  the  St.  Louis 
Exposition  stand  in  a  class  by 
itself.  In  magnitude  and  scope  there 
has  never  been  anything  like  it. 

The  Columbian  Exposition  at  Chi- 
cago ten  years  ago,  until  the  present 
enterprise  was  launched  and  its  mag- 
nitude was  apparent,  was  supposed 
to  have  fixed  a  standard  for  all  time 
to  come.  That  theory  has  been  thor- 
oughly exploded  by  the  marvelous  ac- 
complishments of  the  Louisiana  Pur- 
chase Exposition.  The  World's  Fair 
at  St.  Louis  covers  1240  acres  of 
ground.  All  of  Chicago's  exposition 
was  contained  in  633  acres.  Not  in 
mere  size  does  that  present  enterprise 
surpass  all  others.  The  great  exhibit 
palaces  differ  from  any  constructed 
tor  former  expositions.  They  are  all 
revelations  in  the  architect's  art.  The 
big,  rectangular  buildings  of  the  past 
have  been  superseded  by  a  group  of 
wonderfully  beautiful  and  symmetri- 
cal structures,  assembled  in  the  form 
of  a  lady's  open  fan.  Collectively, 
they  are  many  times  larger  than  any 
other  group,  and  for  architectural 
beauty  they  immeasurably  surpass 
anything  the  world  has  ever  seen. 
The  architects  departed  from  beaten 
paths,  and  sought  and  found  new  fea- 
tures which  they  happily  combined 
with  the  best  examples  of  the  archi- 
tecture of  other  days. 

When  the  plans  and  dimensions  of 
the  buildings  were  first  made  public 
the  people  were  amazed  at  the  daring 
of  the  exposition  management.  Even 
were  such  mammoth  buildings  erected, 
where  would  the  exhibits  necessary  to 
fill  them  come  from?  Now  that  the 
buildings  are  all  finished,  and  the 
work  of  installing  the  exhibits  is  un- 
der   way,    the    question    is    answered. 


Even  were  the  buildings  three  times 
as  large,  they  could  not  contain  all 
that  has  been  offered.  Inner  courts 
have  been  roofed  over,  and  where  ex- 
hibitors have  asked  for  thousands  of 
feet  of  space  they  have  had  to  content 
themselves  with  hundreds  of  feet. 

Such  being  the  case,  the  exhibitors 
and  the  exposition  management  have 
been  enabled  to  exercise  a  discrimina- 
tion that  could  not  have  been  possible 
ten  years  ago.  Official  figures  show 
that  in  the  decade  following  the  Co- 
lumbian Exposition  the  value  of  the 
manufactured  products  has  increased 
50  per  cent.  Thus  the  world's  store- 
houses contain  treasures  that  were 
never  before  accessible.  In  the  close 
discrimination  that  has  been  observed 
only  the  best  and  most  worthy  have 
been  accepted,  and  each  exhibit  will 
represent  the  best  in  its  class. 

The  exhibit  of  the  Philippine  Isl- 
ands, which  covers  40  acres,  and  has 
been  created  at  a  cost  of  about  $1,000,- 
000,  is  an  exposition  in  itself.  The 
foreign  nations  have  never  put  forth 
such  great  exertions  to  make  inter- 
esting exhibits.  The  keen  rivalry  that 
has  been  manifested  between  the  most 
powerful  nations  is  reflected  in  the  ex- 
hibits from  the  newer  and  smaller 
countries.  China  is  making  such  prep- 
arations as  it  was  never  deemed  pos- 
sible for  that  exclusive  nation  to  con- 
sider. Fifty-one  States  and  terri- 
tories and  more  than  that  number  of 
foreign  countries  are  working  in  uni- 
son to  make  the  Universal  Exposition 
complete  in  every  detail. 

At  this  time  no  doubt  exists  about 
the  fair  being  finished  in  every  par- 
ticular. The  show  palaces  are  all 
ready  and  the  exhibitors  are  installing 
their  exhibits.  The  roadways  are 
practically  all  made.  The  intramural 
railway,  encircling  the  grounds,  is 
ready  for  the  rolling  stock  and  the 
application  of  power.  The  landscape 
is  so  advanced  that  a  few  weeks  in 
the  early  spring  may  see  it  perfect, 
even  though  all  work  should  cease  un- 
til that  time.  The  weather  at  St.  Louis 
has  been  so  mild  all  fall,  and  thus  far 
in  the  winter,  that  but  few  days  have 
been  so  cold  that  work  out  of  doors 
was  impracticable. 


The  General  Electric  Company  has 
established  a  Drafting  Room  Appren- 
ticeship Course,  to  which  young  men 
who  are  able  to  pass  a  satisfactory  ex- 
amination in  arithmetic  are  eligible. 
The  course  is  intended  to  fit  appli- 
cants for  drafting  room  positions. 

Further  information  can  be  ob- 
tained by  application  to  Mr.  J.  W. 
Upp,  Engineer  in  charge  of  Drafting 
Room,  General  Electric  Company, 
Schenectady,  N.  Y. 
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Long-Distance   Transmission  of  Energy 


At    High    Electrical    Tension 


By  M.  H.  GERRY,  Jr.,  General  Manager   of  the  Missouri   RJver  Power  Co.,  Helena,  Montana 


THE  57,OCO-VOLT  DOUBLE  TRANSMISSION  LINE  OF  THE  MISSOURI  RIVER  POWER  COMPANY 
AT  THE  SUMMIT  OF  THE  CONTINENTAL  DIVIDE,  7,300  FEET  ABOVE  SEA  LEVEL,  WHERE  THE  LINES 
PASS  FROM  THE  ATLANTIC  TO  THE  PACIFIC  SLOPE 


THE  discovery  of  the  elementary 
principle  of  transmitting  me- 
chanical energy  by  means  of 
electrical  currents  from  one  dynamo 
machine,  used  as  a  generator,  to  an- 
other, employed  as  a  motor,  is  claimed 
for  Hippolyte  Fontaine  as  a  discovery 
made  at  Vienna  in  1873,  although  it 
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is  probably  of  earlier  origin.  Marcel 
Desprez,  by  a  series  of  experiments  in 
1881,  directed  attention  to  this  branch 
of  electrical  engineering  and  demon- 
strated that  energy  could  be  trans- 
mitted electrically  over  considerable 
distances.  The  first  commercial  elec- 
trical transmission  of  any  size  is  said 


to  have  been  constructed  in  Switzer- 
land, under  the  direction  of  C.  E.  L. 
Brown. 

All  of  the  earlier  transmissions  were 
undertaken  with  direct-current  sys- 
tems, but  limitations  in  this  direction 
were  soon  found,  and  electrical  engi- 
neers turned  to  alternating  currents 
for  a  solution  of  the  problem.  The 
advantages  of  the  alternating  system 
were  recognized,  but  a  great  obstacle 
was  presented  in  that  no  practicable 
alternating-current  motor  had  been 
developed.  Professor  Ferraris  in 
1888,  and  Nikola  Tesla,  about  the 
same  time,  developed  in  a  primary 
form,  a  rotating  field  motor  employ- 
ing two  or  more  alternating  currents 
of  the  same  period,  but  differing  in 
phase  relations.  Dobrowolsky  and 
Brown,  together  with  other  engineers 
both  in  Europe  and  America,  soon 
developed  this  device  into  the  present 
forms  of  induction  motors. 

With  the  invention  of  the  induction 
motor,  the  most  serious  obstacle  to 
the  use  of  alternating  currents  for  the 
transmission  of  power  was  removed, 
and  the  development  from  that  time 
became  quite  rapid.  At  the  Frank- 
fort (Germany)  electrical  exhibition 
in  1892,  the  long-distance  transmis- 
sion from  Lauffen  to  Frankfort,  op- 
erating at  30,000  volts,  was  brought 
prominently  to  the  attention  of  engi- 
neers, and  it  became  evident  that  such 
transmissions  were  feasible,  if  the  en- 
gineering details  were  properly 
worked  out. 

Power  is  transmitted  long  distances 
for  the  same  commercial  reasons  as 
are  manufactured  goods  and  mate- 
rials. It  was  found  that  in  certain 
places,  owing  to  the  existence  of 
water-falls,    an     abundant     supply    of 
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cheap  fuel,  or  for  other  reasons,  pow- 
er may  be  produced  in  large  quanti- 
ties at  a  low  price.  This  being  the 
case,  an  electrical  transmission  be- 
comes feasible  whenever  a  market  for 
the  sale  of  the  power  is  found  at  points 
within  a  practicable  distance.  As  a 
commercial  enterprise  the  generation 
and  transmission  of  energy  involve 
the  problems  of  manufacture,  trans- 
portation and  sale,  embracing  eco- 
nomical production,  efficient  trans- 
mission, and  a  market  where  the 
product  may  be  sold  at  a  profit  alike 
to  the  consumer  and  producer. 

The  object  of  nearly  all  the  trans- 
missions thus  far  constructed  has 
been  the  utilization  of  energy  ob- 
tained from  water-power  at  points  dis- 
tant from  the  place  of  development. 
From  the  earliest  times  water-falls 
have  been  regarded  as  among  the 
great  sources  of  power,  well  suited  to 
the  uses  of  civilized  man.  Before  the 
day  of  electrical  transmission  this 
source  of  mechanical  energy  had  been 
used  only  at  points  near  the  place  of 
generation.  There  existed  a  few  ex- 
amples of  transmission  by  means  of 
ropes,  compressed  air,  and  other  me- 
chanical devices;  but  the  efficiency  at- 
tained was  low,  even  for  the  short 
distances  undertaken,  and  the  per- 
formance generally  was  unsatisfac- 
tory, except  under  special  conditions. 
Many  water  powers  were  so  situated 


as  to  be  of  little  value  for  commercial 
purposes,  and  this  fact  constantly  ap- 
pealed to  the  brain  of  the  inventor. 
When  electricity  came  into  use  com- 
mercially for  lighting  and  other  pur- 
poses, engineers  at  once  appreciated  its 
possibilities  as  an  available  agency  for 
the  transmission  of  energy  over  con- 


siderable distances,  but  the  practical 
application  was  long  delayed,  await- 
ing the  development  of  a  proper  sys- 
tem, and  the  production  of  materials 
and  apparatus  suitable  for  the  purpose. 
Lighting  was  the  first  commercial 
application,  on  a  large  scale,  of  elec- 
trical currents  requiring  considerable 
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amounts  of  energy.  The  direct-cur- 
rent system  came  into  general  use  for 
this  purpose  although  there  were 
many  early  experiments  with  alter- 
nating current.  It  soon  became  ap- 
parent, however,  that  aside  from  the 
many  problems  of  the  electric  light  as 
such,  there  was  an  underlying  ques- 
tion involving  the  transmission  of 
energy,  and  that  if  the  energy  were  to 
be  transmitted  for  this,  or  any  other 
purpose,  this  question  must  first  be 
disposed  of.  Because  of  certain  in- 
herent advantages  for  transmission 
purposes,  alternating  currents  from 
this  time  began  to  come  into  use,  and 
has  ever  since  continued  to  gain  in 
favor  over  direct-current  systems. 

The  history  of  the  electric  railway 
is  similar  to  that  of  electric  lighting. 
At  first,  only  direct  current  was  used, 
on  account  of  its  apparent  simplicity 
and  ready  application  to  motors:  at  a 
later  day,  however,  the  problem  of  the 
transmission  of  energy  was  found  to 
enter  very  largely,  and  alternating 
current  came  into  use  for  transmis- 
sion purposes  on  long  lines,  although 
such  current  is  afterwards  converted 
into  direct  current  for  application  to 
the  cars,  this  having  been  done  solely 
because,  until  latterly,  no  satisfactory 
alternating-current  motor  had  been 
developed  for  traction  purposes. 


From  what  has  been  said,  it  may 
seem  that  there  is  considerable  ad- 
vantage in  the  use  of  alternating 
current  for  the  purposes  of  transmit- 
ting energy.  This  advantage  arises 
almost  entirely  from  one  feature  of 
the  alternating  system,  and  that  is  the 
ease  with  which  the  electrical  tension, 
or  voltage,  may  be  increased  or  de- 
creased, by  means  of  simple  and  effi- 
cient apparatus.  While  this  is  easy 
of  accomplishment  with  alternating 
current,  it  is  comparatively  difficult 
with  direct  current.  The  amount  of 
electrical  tension  employed  is  the 
fundamental  condition  controlling  the 
economical  transmission  of  energy  by 
means  of  electrical  currents.  With 
low  tensions  of  a  few  hundred  volts, 
as  are  employed  directly  in  lighting 
and  electrical  traction,  there  can  be 
no  commercial  transmission  of  energy 
over  any  great  distance.  With  any 
given  tension  and  a  fixed  percentage 
of  loss,  a  distance  is  finally  reached 
where  the  cost  of  the  conductor  be- 
comes too  great,  and  power  transmis- 
sion is  then  impracticable. 

The  great  advantage  of  high  tension 
being  apparent,  there  has  been  a  con- 
tinual increase  in  the  pressures  util- 
ized, but  this  has  not  been  accom- 
plished without  many  difficulties  hav- 
ing been  overcome.    With  tensions  of 


a  few  thousand  volts,  it  was  compara- 
tively easy  to  insulate  both  the  trans- 
forming apparatus  and  the  line,  but 
with  higher  tensions  the  troubles  in- 
creased, necessitating  new  designs 
and  materials.  The  principal  difficul- 
ties were  experienced  with  the  trans- 
former and  line  insulation. 

A  great  improvement  was  effected 
by  the  introduction  of  oil  as  an  in- 
sulating material  for  transformers, 
and  practically  all  transformers  op- 
erating above  30,000  volts  are  now  of 
the  oil-insulated  type.  .  It  was  found, 
also,  that  in  large  transformers  special 
means  must  be  taken  to  remove  the 
heat,  and  this  has  been  accomplished 
in  modern  apparatus  either  by  a 
forced  air  blast,  for  transformers  op- 
erating at  moderate  tensions,  or  by 
water  circulation  through  coils  im- 
mersed in  the  oil,  for  high-tension 
transformers.  A  great  deal  of  scien- 
tific and  experimental  investigation 
has  been  devoted  to  the  insulation  of 
transformers,  and  a  number  of  new 
materials  have  been  developed  which 
produce  such  excellent  results  in  con- 
nection with  oil  insulation,  that  manu- 
facturing companies  are  willing  to 
guarantee  apparatus  of  this  nature,  at 
the  present  time,  to  withstand  100,000 
volts  operating  pressure.  When  it  is 
considered  that  ten  years  ago  almost 


March,  J  904 


THE     ELECTRICAL     AGE 


107 


the  maximum  tension  for  which  ap- 
paratus could  he  obtained  in  America 
was  10,000  volts,  the  progress  which 
has  been  made  in  this  direction  will  be 
appreciated. 

Second  to  the  insulation  of  the 
transformers,  the  greatest  difficulty 
was  experienced  with  the  insulation  of 
the  line.  In  the  early  experiments  at 
Lauffen  and  other  points  in  Europe, 
an  attempt  was  made  to  utilize  oil  in 
the  insulators,  but  it  was  soon  discov- 
ered that  this  was  impracticable,  ow- 
ing" to  the  accumulation  of  dust,  leak- 
age, etc.,  and  it  has  long  since  been 
abandoned.  By  improving  the  qual- 
ity of  both  porcelain  and  glass  insu- 
lators, it  has  been  found  that  either  of 
these  materials  may  be  made  to  fulfill 
the  requirements  for  line  insulation 
up  to  the  highest  tensions  employed. 
Porcelain  possesses  greater  mechani- 
cal strength,  but  it  is  more  difficult  of 
manufacture  and  more  costly.  Glass 
gives  excellent  results,  but  until  re- 
cently has  been  difficult  to  obtain  in 
the  shapes  and  sizes  required  for  in- 
sulators for  very  high  tensions.  At 
the  present  time  there  are  a  number 
of  plants  operating  around  40,000 
volts,  some  of  them  using  glass  and 
others  porcelain  insulators.  There  is 
a  transmission  operating  in  Canada  at 
50,000  volts  employing  porcelain  in- 
sulators, and  one  in  Montana  at  57,- 
000  volts,  employing  glass  insulators. 

High-tension  lines  should  be  con- 
structed throughout  with  the  utmost 
care, — the  wires  placed  well  apart,  the 
grading  of  the  pole  tops  carefully  at- 
tended to, — in  order  to  remove  as  far 
as  possible  the  mechanical  strains. 
Where  feasible,  such  lines  are  often 
located  on  a  private  right  of  way, 
from  which  all  timber  and  other  ob- 
structions are  removed;  .and  as  a  rule, 
where  the  nature  of  the  service  is  im- 
portant, the  lines  are  duplicated,  so 
that  in  case  of  an  interruption  on  one 
line  the  other  may  be  in  readiness  to 
maintain  the  service.  It  is  necessary 
sometimes  to  locate  transmission 
lines  on  railroad  rights  of  way,  or 
even  along  the  public  highways,  but 
this  is  not  desirable  where  it  may  be 
avoided.  There  are,  however,  a  num- 
ber of  important  transmissions  in  the 
West  which  are  so  located. 

As  already  stated,  a  pole  line  de- 
signed for  high-tension  currents,  and 
for  continuous  service,  should  be 
carefully  designed  and  of  the  best 
material  and1  workmanship.  It  has 
been  customary  in  the  past  in  con- 
structing such  lines  to  use  the  best 
quality  of  cedar  poles,  extra  heavy 
wooden  cross-arms,  and  either  metal 
or  wood  braces.  These  make  a  sub- 
stantial and  reliable  form  of  construc- 
tion at  a  reasonable  cost;  but  on 
account   of  the   importance   of   some 


STANDARD     INSULATOR,     ALUMINIUM     CABLE    AND    TIE,     AS     USED    ON     THE 

STANDARD    ELECTRIC    COMPANY    OF    CALIFORNIA. 


MAIN     LINE    OF    THE 


TWO  ADDITIONAL  TYPES  OF  INSULATORS  USED  FOR  6o,000-VOLT  CURRENT  ON  THE  BAY 
COUNTIES  AND  STANDARD  ELECTRIC  COMPANY  TRANSMISSION  LINES.  ALL  THESE  INSULATORS 
WERE  MADE  BY  THE  LOCKE  INSULATOR   MANUFACTURING  COMPANY,  VICTOR,  NEW   YORK. 


work  undertaken  and  its  magnitude, 
still  more  permanent  and  costly  forms 
of  construction  are  being  advocated, 
and  some  plants  are  now  building  that 
employ  steel  towers  in  lieu  of  poles, 
and  are  making  use  of  an  entire  metal 
structure,  with  the  exception  of  the 
insulators,  for  supporting  the  circuits. 
It  is  probable  that  some  form  of  steel 
structure  will  ultimately  supersede  the 
present  wooden  construction,  where- 
ever  the  undertaking:  is  of  sufficient 


magnitude  and  importance.  While 
nearly  all  high-tension  transmission 
lines  have  heretofore  been  placed 
above  ground,  the  recent  advances  in 
constructing  underground  cables  for 
high  tensions  render  it  probable  that 
this  form  of  construction  may  ulti- 
mately be  used  very  largely  instead  of 
the  present  overhead  methods.  Ex- 
cept for  the  difficulty  of  insulation, 
underground  cables  have  great  ad- 
vantages. 


108 


THE     ELECTRICAL     AGE 


March,  1904 


P 
o 

K 

« 


o 

« 
w 

O 
< 

w 

a 

H 

o 

I/) 

w 

H 

O 
O 
<* 

w 
W 

Q 


< 
iz; 


w 
W 

H 


March,  1904 


THE     ELECTRICAL     AGE 


109 


THE  SWITCHBOARD  IN  THE  GENERATING    STATION    AT   CANON   FERRY 


In  addition  to  the  power  wires,  a 
telephone  circuit  is  sometimes  placed 
on  the  same  poles  for  convenience  in 
communicating  between  the  generat- 
ing station  and  the  point  of  delivery, 
and  also  as  a  means  of  communication 
between  various  points  along  the  line. 
In  the  early  plants  a  great  deal  of 
trouble  was  experienced  with  these 
telephone  circuits,  but  this  difficulty 
has  been  almost  entirely  overcome, 
and  a  satisfactory  telephone  service 
may  be  maintained  on  the  same  poles 
with  power  circuits  carrying  the  very 
highest  pressures.  It  is  customary 
for  power  companies  engaged  in  the 
transmission  of  large  amounts  of 
power  to  maintain  a  complete  tele- 
phone service  connecting  the  plants, 
sub-stations,  and  even  the  large  con- 
sumers. 

In  addition  to  the  improvements  in 
transformers  and  the  lines,  there  have 
been  advances  in  recent  years,  in  the 
design  and  construction  of  auxiliary 
apparatus,  including  lightning  arrest- 
ers and  switching  devices  for  high 
tensions.  Such  details  are  of  the 
greatest  importance  in  connection 
with  work  of  this  kind,  which  requires 
very  reliable  service  and  freedom  from 
all  interruptions.  At  one  time  light- 
ning was  a  most  serious  obstacle  in 
the  operation  of  all  transmission  lines, 
and  it  was  thought  that  it  would  never 
be  possible  to  operate  such  lines  con- 

3—2 


tinuously  during  periods  of  severe 
electrical  atmospheric  disturbances. 
This  has  been  overcome,  and  with 
care  and  the  proper  adjustment  of  ap- 
paratus, transmission  lines  may  be 
made  to  operate  in  a  successful  and 
reliable  manner  under  all  weather 
conditions.  The  improvement  in 
switching  apparatus  has  been  made 
such  that  high-tension  currents  may 
be  handled  and  transferred  with  the 
same  reliability  as  currents  of  but  a 
few  hundred  volts.  These  improve- 
ments, and  many  others  of  a  minor 
nature,  have  made  the  operation  of 
electrical  transmissions  trustworthy 
and  feasible  for  the  longest  distances, 
under  the  most  exacting  conditions. 

The  first  requirement  for  a  success- 
ful transmission  is  a  cheap  and  re- 
liable source  of  energy.  Up  to  the 
present  time  this  has  generally  con- 
sisted of  a  water  power  development. 
Such  powers  vary  widely  in  their  na- 
ture, from  what  are  known  as  low- 
head  plants,  where  the  amount  of 
water  is  large  and  the  fall  compara- 
tively small,  to  high-head  plants, 
where  only  a  small  amount  of  water  is 
available,  but  the  head  is  very  great. 
Water  powers  are  developed  in  differ- 
ent ways.  Low-head  powers  gener- 
ally utilize  dams,  often  combined  with 
short  canals,  deep  wheel-pits  and  tun- 
nel tail-races.  High-head  plants  us- 
ually employ  long  flumes,  or  canals, 


together  with  pipe  lines  designed  to 
sustain  great  pressure.  Low-head 
plants  have  been  in  use  for  many 
years,  the  apparatus  and  machinery 
are  more  or  less  standard,  and  have 
been  improved  in  detail  only  to  con- 


ONE  OF  THE  HIGH-TENSION  INSULATORS  OF 
THE  MISSOURI  RIVER  POWER  COMPANY,  MADE 
BY  THE  HEMINGRAY  GLASS  COMPANY,  COVING- 
TON,  KY. 
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THE  S7  000-VOLT  DOUBLE  TRANSMISSION  LINE  OF  THE  MISSOURI  RIVER  POWER  COMPANY  NEAR  THE  BUTTE  SUB- 
STATION. IN  THE  BACKGROUND  THE  MAIN  RANGE  OF  THE  ROCKY  MOUNTAINS  CAN  BE  SEEN,  CONSTITUTING  THE 
CONTINENTAL   DIVIDE.      THE  LINES    ARE   MADE   UP  OF    SIX    COPPER     WIRES 


form  to  the  requirements  of  electrical 
service.  Many  of  the  high-head 
transmission  plants  are  situated  in  the 
western  part  of  the  United  States. 
Nearly  all  high-head  plants  employ 
some  form  of  impact  water  wheel*  the 
water  being  directed  to  the  wheel  by 
means  of  nozzles  controlled  by  suit- 
able governors.  Such  wheels  operate 
at   high   speeds   and   produce   higher 


efficiencies  than  are  developed  by  the 
turbine  type  of  wheels  almost  univer- 
sally used  for  low  heads. 

Between  low-head  developments 
which  have  usually  been  considered  as 
limited  to  about  100  feet,  and  the  high- 
head  developments  of  between  500 
and  2,000  feet,  there  are  numbers  of 
moderate-head  plants  working  within 
the  limits  mentioned.     The  design  of 


LARGE  MOTOR  DRIVING  A  BLOWING  ENGINE  AT  THE  EAST  HELENA,    MONT.,    SMELTING  PLANT 


these  plants  has  been  a  combination 
of  that  employed  for  the  high  and  low 
developments,  usually  combining 
dams  with  moderate  length  canals,  01 
large  pipe  lines,  and  sometimes 
wheel-pits  and  tunnels.  A  variety  of 
turbines  is  often  employed,  but  differ- 
ing materially  from  the  designs  for 
low  heads,  as  the  greater  water  pres- 
sures necessitate  much  stronger  con- 
struction and  higher  speeds.  In  some 
instances  plants  of  moderate  head  em- 
ploy water  wheels  of  the  impact  type, 
but  as  a  rule  these  are  small  installa- 
tions. 

In  modern  power  plants  the  elec- 
trical generators  are  usually  directly 
connected  with  the  prime  movers, 
whether  steam  engines  or  water 
wheels.  This  requires  that  the  elec- 
trical generators  be  designed  for  the 
same  speed.  With  water  wheels  the 
speed  depends,  to  a  certain  extent, 
upon  the  head  employed,  but  this  may 
be  varied  with  the  design  of  the 
wheel.  Alternating-current  genera- 
tors, usually  of  the  three-phase  type, 
are  universally  employed  for  trans- 
mission purposes.  Such  machines 
are  of  the  simplest  construction,  and 
in  service  give  excellent  results,  with 
a  very  small  amount  of  deterioration 
or  repairs.  The  revolving  parts  are 
usually  mounted  either  directly  on  the 
water  wheel  shaft,  or  on  an  extension 
of  this  shaft,  connected  through  a 
coupling.  In  the  older  plants  the 
current   was   generated   at   compara- 
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tivelv  low  pressure,  rarely  exceeding 
1,000  volts;  but  in  most  of  the  later 
plants  this  pressure  has  been  in- 
creased, in  some  cases  to  10,000  or 
15,000  volts  at  the  generator.  The 
high  pressure  entails  a  greater  strain 
on  the  insulation,  but  the  advantages 
in  other  directions,  in  the  way  of  sim- 
plified construction,  reduced  dimen- 
sions of  the  bus-bars,  conductors  and 
switches,  etc.,  more  than  offset  the 
disadvantages  due  to  the  higher  pres- 
sure. 

From  the  generators  the  current 
passes  through  the  switching  appara- 
tus to  the  transformers,  where  the 
electrical  tension  is  increased  to  the 
extent  required  for  transmission. 
After  the  pressure  has  been  increased 
at  the  transformers,  the  current  is 
conducted  through  other  switching 
devices  to  the  transmission  circuits. 
At  this  point  are  connected  the  light- 
ning arresters,  which  are  designed  to 
carry  off  static  charges  from  the  at- 
mosphere. , 

At  the  end  of  a  transmission  line 
the  power  circuits  are  usually  con- 
ducted to  a  sub-station,  in  which  are 
located  transformers  for  reducing  the 
electrical  pressure  for  distibution,  or 
for  direct  application  to  motors  or 
other  apparatus.  Besides  the  trans- 
formers, there  are  ordinarily  placed  in 
the  sub-station  lightning  arresters 
similar  to  those  in  the  main  generat- 
ing station,  and  also  a  switching  ar- 
rangement for  both  the  high-tension 
transmission  and  the  low-tension  dis- 
tribution. The  distributing  lines  from 
the  sub-station  may  be  either  under- 
ground or  overhead. 

The  practical  applications  of  elec- 
trical energy  are  numerous  and 
varied.  In  the  West,  where  are  lo- 
cated most  of  the  long-distance  trans- 
missions, a  great  deal  of  power  is 
used  for  mining,  ore  milling  and 
smelting  operations,  including  the 
concentration  of  ores,  the  operation 
of  air  compressors,  blowers,  hoists, 
mine  pumps,  and  other  similar  ma- 
chinery. In  some  sections  consider- 
able power  is  used  for  pumping  water 
for  irrigation,  and  large  amounts  are 
employed  for  lighting,  operating  elec- 
tric railways,  and  miscellaneous  pow- 
er uses.  Electrolytic  and  electro- 
chemical operations  consume  a  con- 
stantly increasing  amount  of  trans- 
mitted energy,  and  in  every  line 
of  industrial  activity  new  applica- 
tions for  electrical  power  are  being 
found. 

The  trend  of  development  in  power 
transmissions  is  towards  higher  ten- 
sions and  longer  distances.  About 
60,000  volts  are  the  maximum  tension 
now  utilized  in  commercial  service, 
but  within  a  few  years  much  higher 
tensions  will  be  employed,  and  there 


will  be  in  operation  transmission  lines 
longer  than  any  now  in  existence. 
Commercial  transformers  can  be  ob- 
tained at  present  from  manufacturing 
companies,  suitable  for  100,000  volts, 
and  there  are  no  serious  obstacles  in 
the  way  of  the  use  of  this  tension 
when  the  conditions  are  such  as  to 
warrant  the  installation.  There  are, 
in  truth,  difficulties  to  be  overcome, 
but  they  are  only  such  as  are  met 
with    in    advanced    engineering    con- 


veloped  water  powers,  inaccessibly 
located,  which  can  be  profitably  util- 
ized in  the  future.  Besides  water 
powers  there  are  large  deposits  of  coal 
which,  owing  to  their  low  grade  and 
the  high  cost  of  transportation,  arc 
now  of  little  value.  If  these  deposits 
were  utilized  locally  and  the  power 
thus  generated  were  transmitted  some 
hundreds  of  miles,  they  would  become 
of  great  value.  This  great  field,  now 
almost  unoccupied,  gives  promise   of 
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LIGHTNING  ARRESTERS   IN   THE  PLANT  AT  CANON   FERRY 


struction  in  any  line.  Each  year 
brings  more  knowledge  towards  the 
solution  of  electrical  problems  and  an 
increasing  tendency  towards  better 
and  more  reliable  forms  of  construc- 
tion. The  business  of  transmitting 
power  is  increasing  rapidly  and  future 
development  is  fraught  with  great 
possibilities. 

There  are  still  a  great  many  unde- 


future  development,  and  awaits  only 
a  more  intimate  knowledge  on  the 
part  of  engineers  and  the  public  of  the 
methods  and  results  of  high-tension 
electrical  transmissions. 

In  electrical  railroading,  on  a  large 
scale,  high  tensions  must  play  an  im- 
portant part,  as  the  fundamental 
problem  is  that  of  the  transmission  of 
energy.     With     a     solution     of     this 
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problem  at  hand,  it  requires  only  the 
perfection,  in  detail,  of  suitable  mo- 
tors and  appliances  to  render  practi- 
cable the  operation,  by  electrical 
methods,  of  freight  and  passenger 
railway  service  of  all  classes.  The 
change  to  electrical  power  would  re- 
sult in  reducing  operating  costs  and 
in  improving  the  conditions  of  rail- 
way transportation.  The  financial 
outlay  would  be  very  great,  but  when 
viewed  in  the  light  of  the  present  in- 
dustrial development,  even  this  may 
not  long  delay  the  adoption  of  electri- 
cal power. 

From  what  has  been  said  it  appears 
that  mechanical  energy  can  be  pro- 
duced at  the  lowest  cost  per  unit  in 
large  plants  favorably  located,  and 
that  high-tension  electrical  transmis- 
sion renders  possible  the  delivery  of 
this  energy  with  small  loss,  in  any 
amount,  at  a  large  number  of  points 
distributed  over  a  wide  area.  By 
affording  an  efficient  method  of  de- 
livery, it  makes  practicable,  from  a 
commercial  standpoint,  the  wholesale 
manufacture  of  power.  This  is  in 
line  with  the  present  era  of  specializa- 
tion, in  accord  with  the  spirit  of  the 
age,  and  with  American  methods  of 
industrial  economy. 


Proposed  Electric  Railways  in  Cuba 


L 


It  is  estimated  that  more  than 
35,000  arc  lamps  are  in  use  on  Man- 
hattan Island.  In  addition  to  lighting 
streets,  public  buildings,  armories, 
etc.,  in  New  York  City,  these  lamps 
are  used  for  almost  every  imaginable 
class  of  business  and  under  all  condi- 
tions of  service. 


N  a  report  to  the  Department  of 
State,  Max  J.  Baehr,  United 
States  Consul  at  Cienfuegos, 
Cuba,  states  that  Cienfuegos  has  rail- 
way communication  with  Habana, 
Matanzas,  Cardenas,  Sagua  la  Grande, 
and  Caibarien  on  the  north  coast,  with 
Santa  Clara  in  the  interior,  and  thence, 
since  the  completion  of  the  new  Cuban 
Central  Railroad,  with  Santiago. 

A  project  is  now  under  considera- 
tion by  local  and  American  capitalists 
for  the  construction  of  an  electric  rail- 
way extending  from  Cienfuegos  into 
the  interior,  a  distance  of  30  miles  or 
more,  which  would  give  rapid  transit 
between  that  city  and  several  impor- 
tant villages  in  the  sugar-producing 
belt,  these  towns  now  having  very  in- 
adequate communication  with  this 
port.  Mr.  Baehr  states  that  he  is 
credibly  informed  that  a  company  has 
been  organized  to  carry  the  project 
into  effect,  that  a  charter  has  been  ap- 
plied for  and  obtained,  and  that  only 
a  short  time  will  elapse  before  the  be- 
ginning of  active  work  on  the  grading 
of  the  road.  If  this  enterprise  is  car- 
ried to  fulfillment,  as  seems  reason- 
ably certain,  it  will  not  only  give  em- 
ployment to  a  large  number  of  labor- 
ers who  now  find  steady  work  only 
during  the  sugar-grinding  season, 
but  will  contribute  in  no  small  degree 
to  the  material  upbuilding  of  this  sec- 
tion of  Cuba. 

The  company  undertaking  this 
work  is  the  Cienfuegos,  Palmira  & 
Cruces  Electric  &  Power  Company, 
with  headquarters  at  Cienfuegos. 


The  Electric  Light   in    Canada 

AT  the  close  of  June,  1903, 
there  were  324  electric-lighting 
plants  in  Canada,  with  14,780 
arc  and  1,212,861  incandescent  lights. 
Taking  an  arc  light  as  equal  to  ten  in- 
candescent lights,  there  were  1,36c,- 
661  lights  in  use — or  an  increase  in 
twelve  months  of  236,865  lights,  or 
over  21  per  cent.  Of  the  324  electric- 
lighting  plants  in  use  throughout  the 
Dominion,  Ontario  possessed  203. 
Thirty-four  municipalities  supplied 
themselves  with  electric  lighting.  The 
province  of  Quebec,  in  spite  of  its  en- 
ormous water  powers,  has  not  adopted 
this  svstem  of  illumination  to  anv- 
thing  like  such  an  extent  as  Ontario. 
At  the  close  of  June,  1903,  it  had  53 
plants,  3853  arc,  and  409,503  incan- 
descent, lights.  During  the  past  five 
years,  however,  it  has  made  rapid 
gains.  On  the  average,  also,  Que- 
bec plants  are  larger  than  those  of 
Ontario.  The  largest  plant  in  Canada 
is  in  Toronto,  with  170,000  lamps 
(each  arc  light  being  taken  as  equiv- 
alent to  ten  incandescent),  next  to 
which  comes  the  Lachine  Rapids  Hy- 
draulic Company,  with  158,503  lights, 
and  the  Ottawa  Electric  Company, 
with  111,927. 

During  the  five  years  from  1898  to 
1903,  Manitoba  increased  its  arc  lights 
from  162  to  373,  and  its  incandescent 
lights  from  13,800  to  31,905.  The 
largest  comparative  provincial  in- 
crease has  been  in  Britsh  Columbia, 
arc  lights  having  increased  to  377,  or 
82  per  cent.,  and  incandescent  to  74,- 
297,  or  257  per  cent.  In  1897  the 
Maritime  Provinces  had  95  arc  and 
46,977  incandescent  lights;  while  in 
1903  they  had  1267  arc  lights,  an  in- 
crease of  33  per  cent.,  and  93,120  in- 
candescent lights,  an  increase  of  98 
per  cent. 


The  possibilities  of  radium  as  a 
Christmas  gift  were  exploited  by  a 
certain  up-to-date  jeweler  in  London 
in  rather  a  novel  manner.  He  had 
manufactured  a  number  of  spinthari- 
scopes of  the  size  of  a  finger-ring  case, 
mounted  in  a  more  or  less  expensive 
manner,  depending  upon  the  price. 
From  $10  to  $50  were  cheerfully  paid 
for  these  commodities,  which  were  to 
serve  as  Christmas  presents  for  scien- 
tific friends.  The  spinthariscope  as 
supplied  consisted  of  a  small  tube  fit- 
ted with  a  lens  and  opening  for  the 
eye,  and  contained  a  microscopic 
quantity  of  radium.  Upon  looking 
through  the  lens  in  a  darkened  room, 
the  full  beauties  of  fluorescence  which 
radium  is  capable  of  producing  were 
seen. 


Overhead   High-Tension   Distributing   Systems 

By  H.  B.  GEAR,  General  Inspector  of  the  Chicago  Edison  Company 


I 


N  reviewing  the  de- 
velopment of  the 
electric  lighting 
industry  during 
the  past  decade, 
one  is  impressed 
with  the  grad- 
ual evolution  of 
m e  t  h  o  d  s  em- 
ployed, which 
has  culminated 
in  a  general  era 
of  consolidation 
during  the  lat- 
ter years  of  the 
decade. 

One  of  the 
results  of  this 
consolidation 
has  been  the  redesigning  and  recon- 
struction of  the  previously  exist- 
ing distributing  systems  of  electric 
lighting  and  power  companies.  Sys- 
tems supplied  by  small  plants  and 
covering  areas  of  two  or  three  square 
miles  in  extent  were  merged  into  one 
great  system,  supplied  from  a  com- 
mon generating  station,  the  original 
stations  being  converted  into  distrib- 
uting sub-stations.  In  these  great 
systems  there  were  merged,  in  some 
cases,  as  many  as  twenty-five  small 
ones,  the  consolidated  system  cover- 
ing as  much  as  ioo  square  miles  of 
territory. 

The  extent  of  the  area  covered  by 
the  consolidated  system  introduced 
problems  of  transmission  which  did 
not  exist  prior  to  this  era,  since  the 
distances  covered  were  not  beyond 
the  economical  radius  of  the  feeders 
distributing  current  from  any  station. 
Transmission  lines  were,  therefore, 
constructed  for  the  purpose  of  con- 
veying large  amounts  of  energy  eco- 
nomically from  the  large  central  sta- 
tion to  the  various  centers  of  distribu- 
tion whence  the  small  areas  had 
previously  been  supplied. 

In  many  cases  the  small  distribut- 
ing systems  whose  territories  were 
adjacent  had  been  competitors  and 
had  lines  covering  the  same  territory. 
The  first  result  of  consolidation  was, 
therefore,  the  removal  of  superfluous 
transformers  and  pole  line  equip- 
ment. Feeders  were  rearranged  and 
all  load  was  transferred  to  one  set  of 
mains,  the  best  pole  line  of  the  two 
being  preserved.  Secondary  mains 
were  also  necessarily  rearranged  and 


in  some  cases  entirely  reconstructed 
to  accommodate  additional  load 
which  was  placed  upon  them. 

The  methods  of  transmission  and 
distribution  which  were  adopted  by 
the  absorbing  companies  for  use  in 
the  reconstructed  system  varied  in 
different  localities  according  to  the 
previously  existing  conditions.  As  a 
result,  the  following  methods  are  to 
be  found  in  use  in  large  distributing 
systems  throughout  the  country: — 

i . — Single-phase  generators,  trans- 
mission lines  and  distributing  feeders. 

2. — Two-phase  generators,  three- 
phase  transmission  lines,  single- 
phase  and  two-phase  distributing 
feeders. 

3. — Three-phase  generators  and 
transmission  lines,  single-phase  and 
three-phase  three-wire  distributing 
feeders. 

4. — Three-phase  four-wire  genera- 
tors and  transmission  lines,  with  sin- 
gle-phase and  three-phase  four-wire 
distributing  feeders. 

The  first  of  these  systems  is  not 
employed  by  any  very  large  central 
station  company  except  in  the  city  of 
St.  Louis. 

The  advantages  of  three-phase  cur- 
rent for  transmission  lines  and  power 
distribution  are  such  that  the  three- 
phase  system  is  more  advantageous 
where  there  is  a  considerable  distance 
to  be  covered  and  a  field  for  the  sale 
of  electric  power.  The  chief  advan- 
tage of  the  single-phase  system  over 
others  is  the  simplicity  of  wiring  and 
operation  of  the  station  and  distribut- 
ing system.  But  feeders  and  trans- 
mission lines  must  have  33  per  cent, 
more  copper  in  this  system  than  in  the 
three-phase  system  under  given  con- 
ditions. 

The  second  system  combines  the 
use  of  two-phase  and  three-phase 
lines,  and  is  in  use  in  a  number  of 
large  cities,  such  as  Philadelphia  and 
Brooklyn.  The  chief  advantage 
which  this  system  claims  over  the 
pure  three-phase  system  is  greater 
ease  of  maintaining  balance  of  the 
load,  since  there  are  but  two  phases  to 
balance  on  the  distributing  bus  in- 
stead of  three.  The  use  of  two-phase 
distributing  feeders  requires  the  same 
amount  of  copper  as  is  needed  for  sin- 
gle-phase feeders,  but  allows  the  use 
of  polyphase  motors  in  the  sale  of 
power. 


The  current  which  is  transmitted 
three-phase  is  transformed  again  to 
two-phase  at  the  distributing  sub- 
station to  secure  the  ease  of  balance 
which  is  desired  at  the  generating 
station.  A  disadvantage  of  this 
system  is  that  special  transformers, 
sensitive  in  their  regulation,  are 
required  for  the  transmission  sys- 
tem. 

The  third  system  which  employs 
three-wire  three-phase  generators  and 
transmission  lines  is  also  employed  in 
a  number  of  large  cities,  such  as  Bos- 
ton and  Cleveland.  This  system  has 
the  advantage  of  economy  of  copper 
in  both  transmission  and  distributing 
feeders  where  three-phase  distributing 
feeders  are  employed.  Single-phase 
feeders  may  also  be  used  where  the 
load  is  chiefly  lighting,  by  balancing 
them  from  the  three  phases  at  the  dis- 
tributing sub-stations.  The  use  of 
three-phase  distributing  feeders  for 
lighting  purposes  is  subject  to  the 
serious  disadvantage  that  if  potential 
regulators  are  used  they  must  be  so 
connected  that  the  operation  of  one 
regulator  affects  the  pressure  of  two 
of  the  three  phases  at  once.  This 
makes  it  necessary  to  adjust  two  regu- 
lators in  order  to  produce  a  desired 
change  of  pressure  on  any  given 
phase. 

The  last  of  the  above  mentioned 
systems,  namely,  the  use  of  four-wire 
three-phase  generators,  transmission 
lines  and  distributing  feeders  is  the 
most  recently  developed  and  is  there- 
fore not  in  as  general  use  as  are  the 
others.  The  principal  cities  in  which 
this  system  is  employed  are  Chicago 
and  Cincinnati,  the  system  in  Chicago 
being  the  largest  of  this  sort  in  the 
world.  It  is  also  among  the  largest 
distributing  systems  in  point  of  area 
covered  of  any  kind  in  the  country. 

The  chief  advantage  of  this  system 
lies  in  the  fact  that  the  generator  coils 
may  be  wound  for  2,300  volts  and  Y- 
connected,  thus  giving  a  potential  of 
4,000  volts  between  either  of  the  phase 
wires.  The  fourth-wire  being  con- 
nected to  the  neutral  point  of  the  Y, 
2,300  volt  single-phase  feeders  may  be 
operated  from  neutral  to  either  phase 
wire.  These  may  be  independently 
regulated  with  ease.  Four- wire  three- 
phase  feeders  may  also  be  employed, 
with  a  regulator  in  each  phase  wire 
controlling  the  potential  from  either 
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phase   wire   to    the   neutral    indepen-  plicity  of  wiring  are  greater  than  any 

dently.  saving  which  might  be  effected  in  cop- 

These   four-wire    lines,    when    ap-  per   by   the   use   of   polyphase   lines, 

proximately  balanced,  are,  therefore,  Where  it  would  otherwise  be  neces- 

equivalent   to   4,000-volt    distributing  sary  to  run  a  number  of  single-phase 

circuits,     using     standard    2,300-volt  feeders  in  the  same  general  direction, 


tematic  treatment  under  the  condi- 
tions of  previous  years,  and  others 
which  were  incident  to  the  new  condi- 
tions. Among  these  problems  were 
the  following:- — 

How   should    primary   feeders   and 
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FIG.      I.— A     FOUR-WIRE,     THREE-PHASE     DISTRIBUTING     SYSTEM 


transformers,  and  are  capable  of  car- 
rying four  times  as  much  load  as  three 
single-phase  circuits  under  the  same 
conditions.  Three-wire  branches  may 
be  taken  off  for  power  service  at  any 
point.  This  greatly  widens  the  range 
of  economical  distribution  of  current 
from  sub-stations,  diminishing  the 
number  of  sub-stations  required  and 
decreasing  the  sensitiveness  of  the 
feeders  carrying  lighting  and  power 
to  fluctuations  in  the  power  load. 

The  use  of  compensated  voltmeters 
has  recently  made  it  possible  to  op- 
erate these  four-wire  feeders  with  un- 
balanced loads  with  perfect  success. 
The  voltmeter  in  the  station  on  this 
system  indicates  the  potential  at  the 
end  of  the  feeder  or  at  any  point  on  the 
system  for  which  it  is  desired  to  regu- 
late the  pressure.  The  principal  disad- 
vantages of  this  system  are  the  intro- 
duction of  4,000  volts  on  the  same 
pole  line  with  2,200-volt  circuits,  and 
the  necessity  of  hanging  three  trans- 
formers for  the  smaller  power  services 
in  cases  where  the  neutral  wire  may 
not  have  been  extended. 

The  distribution  from  sub-stations 
is  accomplished  by  means  of  single- 
phase  feeders  where  the  load  is  chiefly 
lighting  and  the  distance  not  greater 
than  a  mile.     The  advantages  of  sim- 


a  four-wire  three-phase  feeder  is  in- 
stalled. Polyphase  motors  may  then 
be  connected  anywhere  within  the 
vicinity  of  this  feeder.  In  cases  where 
the  amount  of  three-phase  power  is 
small  and  scattered  in  a  given  terri- 
tory, it  is  found  desirable  to  connect 
all  the  lighting  to  one  of  the  three 
phases,  using  a  single  regulator  to 
control  the  pressure  on  that  phase  and 
running  two  small  phase  wires  to  sup- 
ply the  power  load. 

Where  the  power  load  is  very 
heavy,  it  is  preferable  in  some  cases 
to  operate  separate  circuits  for  power 
service  in  order  to  obviate  fluctuations 
in  the  pressure  of  the  lighting  system 
due  to  varying  power  load. 

The  four-wire  three-phase  system 
seems  to  combine  more  advantages 
for  the  combined  purposes  of  trans- 
mission, light  and  power  distribution 
than  any  of  the  other  above-men- 
tioned systems.  This  system  is  there- 
fore being  installed  in  places  where 
the  previously  existing  conditions  are 
such  as  to  allow  of  its  adoption.  The 
various  methods  of  distribution  on 
this  system  are  illustrated  in  Fig.  I. 

In  the  course  of  the  engineering 
work  incident  to  the  reconstruction  of 
these  old  systems  some  problems  have 
arisen  which  had  not  been  given  sys- 


mains  be  arranged?  and  how  much 
area  should  each  feeder  cover? 

What  should  be  the  maximum  load 
placed  on  any  one  feeder? 

To  what  extent  should  secondary 
mains  be  employed  in  replacing  indi- 
vidual transformers? 

What  should  be  the  class  of  con- 
struction employed  in  pole-line  work? 

Two  general  methods  of  feeder  dis- 
tribution had  previously  been  in  use, 
— one  in  which  a  feeder  was  run  to 
the  district  to  be  supplied,  and  from 
this  feeder  branches  were  taken  off  in 
either  direction  on  the  "tree"  system. 
In  the  other  method  a  feeder  was  run 
to  a  "center  of  distribution,"  from 
which  point  mains  were  radiated  in  all 
directions. 

The  first  of  these  methods  simpli- 
fied the  pole  line  construction  some- 
what, but  was  open  to  the  objection 
that  customers  near  the  station  were 
supplied  with  higher  pressure  than 
those  further  away.  The  second 
method  insures  approximately  equal 
distribution  of  pressure,  but  involves 
duplicate  wires  running  parallel  to  the 
feeders  from  the  center  of  distribution 
back  towards  the  station. 

The  advantages  derived  from  good 
pressure  regulation  outweigh  the  dis- 
advantages of  extra  wires,  and  feeders 
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are,  therefore,  designed  in  most  cases 
according  to  the  "center  of  distribu- 
tion" method.  The  mains  from  the 
center  of  distribution  must  be  so  cal- 
culated with  reference  to  their  loads 
that  there  should  not  be  more  than  2 
per  cent,  loss  in  pressure  between  the 
feeder  center  and  the  end  of  any  main. 

This  method  of  distribution  having 
been  adopted,  it  becomes  necessary  to 
determine  the  required  number  of 
feeders  to  supply  a  given  territory. 
This  introduces  the  problem  of  the 
area  which  can  be  satisfactorily  cov- 
ered by  one  feeder  and  the  maximum 
load  placed  upon  it.  The  limitation 
of  2  per  cent,  drop  in  the  mains  fixes 
their  length,  this  not  exceeding  3,000 
feet  in  most  cases. 

In  a  territory  where  the  load  con- 
sisted of  small,  scattered  consumers, 
a  feeder  might  supply  an  area  of  one 
to  one  and  one-half  square  miles, 
while  in  condensed  business  and  fac- 
tory lighting  the  area  would  be  much 
smaller,  in  some  cases  covering  but  a 
few  blocks.  Ihe  maximum  load  on  a 
feeder  is,  therefore,  fixed  by  the  de- 
sign of  the  main  system  in  territory 
where  the  load  is  scattered,  and  may 
not  exceed  75  kilowatts.  In  densely 
loaded  territory  the  drop  on  the  mains 
becomes  secondary  to  other  consid- 
erations, such  as  continuity  of  service, 
feeder  losses,  balancing  of  phases,  etc. 
In  such  districts  the  maximum  load 
should  not  exceed  200  kilowatts  on  a 
single-phase  feeder. 

In  cases  where  polyphase  feeders 
are  used  for  carrying  lighting  load, 
the  load  may  be  from  100  to  200  kilo- 
watts on  each  phase,  according  to  the 
density  of  the  load  in  the  territory  sup- 
plied. 

The  system  of  secondary  mains  is 
operated  on  the  Edison  three-wire 
system  in  most  instances.  The  three- 
phase  four-wire  secondary  system  is 
used  to  some  extent,  but  has  not 
found  general  favor  on  account  of  the 
increased  difficulty  of  balancing  the 
three  phases  and  complication  of  wir- 
ing. 

The  extent  to  which  individual 
transformers  are  replaced  by  second- 
ary mains,  depends  largely  upon  local 
conditions.  In  territory  where  the 
load  is  scattered  and  adjacent  custom- 
ers may  be  several  hundred  feet  apart, 
it  is  frequently  preferable  to  install  in- 
dividual transformers  rather  than  to 
construct  secondary  lines,  since  the 
investment  in  copper  becomes  so 
great  that  the  fixed  charges  are  more 
than  the  losses  in  transformers. 

It  is  impossible  to  lay  down  any  rule 
which  will  be  of  general  application 
for  such  cases,  since  the  cost  of  energy 
varies  with  different  stations,  and  the 
value  of  transformer  losses  is,  there- 
fore,  different   in    different   localities. 


In  a  system  where  the  cost  of  energy 
is  1  cent  per  kilowatt-hour  at  the 
switchboard,  it  will  usually  be  found 
economical  to  install  secondary  mains 
as  soon  as  the  load  density  reaches  a 
point  where  it  would  be  necessary  to 
install  two  transformers  within  800  or 
900  feet  of  each  other  if  secondaries 
were  not  used.  Not  more  than  2  per 
cent,  loss  should  be  allowed  in  sec- 
ondary mains.  No  wire  smaller  than 
No.  6  B.  &  S.  gauge  should  be  em- 
ployed, and  it  is  usually  not  economi- 
cal to  install  wires  larger  than  No.  2, 
except  when  the  load  is  very  heavy. 

The  maintenance  of  overhead  high- 
tension  distributing  systems  has  not 
until  recent  years  received  the  degree 
of  intelligent  attention  which  it  de- 
serves.    Pole   lines    have   been    built 


established  a  policy  of  line  construc- 
tion  to  govern  their  work  and  have 
placed  in  the  hands  of  their  men 
standard  specifications  according  to 
which  all  line  construction  is  to  be 
performed.  This  has  resulted  in  a 
uniform  style  of  work  throughout  all 
parts  of  the  larger  distributing  sys- 
tems. The  general  practice  of  some 
of  the  companies  operating  large 
overhead  high-tension  distributing 
systems  may  be  outlined  as  follows, 
details  of  arrangement  which  vary  in 
different  localities  being  omitted: — 

Pole  Line  Material. — Pole  line 
material  should  be  selected  with  such 
care  as  will  insure  the  use  of  first-class 
appliances  in  all  particulars. 

Poles  should  be  as  straight  as  pos- 
sible, sound  at  the  heart  and  not  less 


FIG.     2. A     METHOD    OF     ARRANGING     LARGE    TRANSFORMERS   OVERHEAD 


with  little  regard  to  the  economical 
necessities  of  the  work,  with  the  re- 
sult that  after  standing  a  few  years 
poles  are  pulled  out  of  line  and  wires 
are  allowed  to  stand  slack,  cross-arms 
resemble  the  limbs  of  a  scare-crow 
and  repairs  are  a  frequent  necessity. 

The  introduction  of  high-tension 
transmission  lines  and  the  four-wire 
three-phase  system  and  the  change  in 
distribution  voltage  from  1,000  to 
2,000,  has  forced  more  careful  atten- 
tion to  these  detils.  Those  who  are 
entrusted  with  the  care  of  the  large 
distributing  systems  have,  therefore, 


than  7  inches  at  the  top,  with  an  in- 
crease in  diameter  of  about  one  inch 
in  5  feet  toward  the  butt.  It  is  not 
considered  that  poles  having  tops 
smaller  than  7  inches  are  strong 
enough  to  carry  the  load  of  cross- 
arms  and  transformers  which  are 
likely  to  be  placed  on  any  pole  in  a 
distributing  system.  Cross-arms 
should  be  of  sound  material,  free  from 
knots  and  sappy  parts,  and  as  well 
seasoned  as  possible.  The  painting  of 
poles  and  cross-arms  is  of  importance 
in  urban  work,  chiefly  from  an 
aesthetic  standpoint,  although  the  life 
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of  a  cross-arm  is  somewhat  increased 
by  the  use  of  paint.  This  should  be 
applied  to  cross-arms  before  they  are 
installed. 

Pins  should  be  of  sound  locust,  free 
from  knots  and  dry  rot.  They  should 
be  of  such  dimensions  that  they  will 
fit  the  holes  in  the  cross-arms  closely. 
A  shank  i-J-  inches  in  diameter  is  con- 
sidered of  sufficient  strength  for  all 
ordinary  work. 

Braces,  bolts,  lag  screws,  and  any 
other  metal  parts  should  be  well  gal- 
vanized to  prevent  rusting  and  should 
be  free  from  flaws. 

All  guy  wires  should  be  of  stranded 
steel  with  a  tensile  strength  of  about 
80,000  pounds  to  the  square  inch. 

Setting  Poles. — Gains  should  be  cut 
I  inch  deep  at  intervals  of  24  inches 
from  center  to  center.  The  first  gain 
should  come  8  inches  below  the  top 
of  the  pole.  Poles  should  be  set  not 
over  125  feet  apart. 

In  setting  poles  in  unusually  soft 
ground,  or  at  corners  where  it  is  im- 
possible to  maintain  a  guy,  a  filling  of 
cement  should  be  placed  about  the 
pole,  or  planks  3"  x  1'  x  4'  should  be 
attached  to  the  pole  beneath  the 
ground  in  such  a  way  as  to  support  it. 
In  filling  the  hole  around  the  pole,  the 
earth  should  be  well  tamped  while  the 
hole  is  being  filled. 

No  cut-out  boxes,  lightning  arrest- 
ers, transformers  or  other  apparatus 
should  be  located  on  any  junction 
pole  where  it  can  be  avoided. 

Cable  poles  should  be  of  extra  size 
and,  if  possible,  should  be  supported 
without  a  guy.  The  cables  should  be 
run  up  the  pole  in  an  iron  pipe  to  the 
lower  cross-arm  and  equipped  with 
"pot  head"  joints  between  the  lead 
cable  and  the  line  wire.  The  wires 
from  the  joint  to  the  insulator  should 
have  extra  heavy  rubber  insulation. 
No  cut-out  boxes  or  other  apparatus 
should  be  located  on  the  cable  poles. 

Stringing  Wire. — Wire  should  be 
strung  in  as  great  lengths  as  possible 
to  avoid  unnecessary  splicing.  The 
tension  placed  upon  the  wire  should 
be  such  that  the  sag  of  a  span  of  125 
feet  will  not  exceed  the  amounts 
shown  in  the  following  table: — 

Temperature,  De- 
grees. Fahr...     10    20    30    40    50    60    70    80    90 
Sag   inches    6      8      8    10    10    12    12    14    14 

When  spans  longer  than  125  feet 
occur,  they  must  be  given  special  con- 
sideration. 

In  arranging  wires  on  cross-arms, 
the  top  arms  should  be  occupied  by 
transmission  lines,  feeders,  series  arc 
circuits,  in  which  no  lamps  are  taken 
in  that  neighborhood,  and  any  other 
lines  from  which  no  taps  are  made. 
The  lower  cross-arm  should  be  occu- 
pied by  the  service  primary  and  sec- 
ondary mains  and  the  series  circuits 
from    which    lamps   are   likely    to   be 


taken.  Secondary  mains  should  be 
run  alone  on  the  bottom  cross-arm,  if 
there  are  more  wires  than  can  be  car- 
ried on  one  cross-arm. 

Cross-Arms. — Cross-arms  should 
be  fastened  to  the  pole  by  one  f-inch 
through  bolt,  fitted  with  washers  at 
each  end,  the  nut  to  be  placed  on  the 
side  of  the  pole  opposite  the  arm,  and 
any  extra  length  of  bolt  to  be  cut  off 
after  the  nut  is  attached.  Wherever 
lines  are  built  in  alleys,  the  alley  arm 
should  be  used.  The  pins  should  be 
fitted  to  the  arm  before  it  is  attached 
to  the  pole. 

On  all  poles  where  there  is  an  un- 
usual strain,  due  to  a  change  in  the 
direction  of  the  line  or  to  the  dead 
ending  of  wires,  double  arms  should 
be  put  on. 

Lightning  Arresters.  —  Lightning 
arresters  should  be  mounted  on  the 
cross-arm  in  such  a  way  as  to  be  as 
accessible  for  inspection  and  cleaning 
as  possible.  Special  care  should  be 
taken  in  making  'the  ground  connec- 
tion so  that  it  is  well  made  and  not 
exposed  to  injury. 

Fuse  Boxes. — Fuse  boxes  should 
be  mounted  on  the  first  pole  away 
from  the  one  on  which  the  tap  is 
made.  All  lines  carrying  50  kilowatts 
or  more  should  be  equipped  with  cut- 
out boxes  connected  with  copper  wire. 
Where  iron  case  fuse-boxes  are  used, 
they  should  be  mounted  on  glass 
knobs  on  the  cross-arms.  Fuse  boxes 
should  be  placed  on  the  cross-arm  as 
accessibly  as  possible  and  the  wires 
arranged  so  as  to  make  it  as  safe  as 
possible. 

Transformers. — T  ransformers 
should  be  hung  on  separate  cross- 
arms  below  the  other  cross-arms,  ex- 
cept where  the  size  of  the  transformer 
and  the  small  number  of  wires  make 
it  possible  to  make  a  good  installation 
on  existing  cross-arms.  In  hanging 
transformers  of  10  kilowatts  or  more, 
the  pole  should  be  double  armed. 
Special  construction  is  necessary  in 
installing  transformers  larger  than  25 
kilowatts. 

The  problem  of  installing  heavy 
transformers  sometimes  becomes  one 
of  serious  importance.  Sizes  above 
25  kilowatts  are  often  placed  in  a  man- 
hole at  the  base  of  the  pole.  This  is 
an  expensive  method  of  installation 
and  is  not  necessary  except  in  places 
where  transformers  must  be  placed  in 
streets,  where  their  unsightly  appear- 
ance makes  them  objectionable  to  the 
public. 

The  installation  shown  in  Fig.  2 
illustrates  a  method  of  arranging 
large  transformers  overhead.  The 
framework  carries  two  30-kw.  trans- 
formers for  arc  lamps,  two  20-kw.  for 
incandescent  lighting  and  three 
15-kw.  for  three-phase  power,  a  total 


of  145  kilowatts.  The  fuses  for  these 
transformers  are  all  on  adjoining 
poles,  so  that  it  is  not  necessary  for 
a  lineman  to  do  any  work  about  the 
installation  with  the  wires  alive. 

In  the  streets  of  cities  which  are  oc- 
cupied by  electric  light,  railway,  and 
telephone  and  telegraph  companies' 
lines,  situations  develop  which  result 
at  times  in  a  miscellaneous  assortment 
of  pole  lines  and  wires  on  the  same 
street.  This  is  especially  apt  to  be 
true  at  the  intersection  of  main  thor- 
oughfares. Much  can  be  done  to  re- 
lieve such  situations  by  the  use  of 
joint  pole  lines.  This  places  the  wires 
on  one  good  set  of  poles,  reducing 
rather  than  increasing  the  danger 
from  crosses  between  electric  lighting 
and  signaling  wires.  The  signal 
wires  should  be  below  the  lighting 
wires,  as  they  are  more  likely  to  break 
than  the  lighting  wires. 

The  maintenance  of  overhead  lines 
is  a  matter  of  much  importance.  In- 
cipient trouble  may  often  be  prevented 
by  a  system  of  inspection.  Such  in- 
spections should  be  made  every 
month  on  important  lines,  and  every 
two  months  on  all  lines.  Accidents  to 
life  and  property  may  thus  be  avoided 
to  a  large  extent,  and  the  expense  of 
maintenance  reduced  in  the  long  run. 


Electric    Ra.iIroa.d    Car    Lighting   in 

Germany 

AS  a  result  of  many  tests  of  various 
systems  of  railroad  car  lighting 
in  Germany,  the  Prussian 
State  Railway  Administration  has 
finally  settled  on  a  direct  system  of 
lighting  from  a  single  generator  with 
a  steam-driven  dynamo,  located  on 
the  locomotive,  under  the  control  of 
the  engineer;  also  auxiliary  or  regu- 
lating storage  batteries  placed  on 
each  car  of  the  train,  thus  rendering 
the  lighting  system  on  each  car  prac- 
tically independent,  its  lights  being 
assured  a  constant  supply  of  current 
from  its  own  accumulators,  which  ac- 
cumulators are  kept  charged  by  the 
dynamo  on  the '  locomotive.  It  is 
stated  that  this  combination  meets 
more  perfectly  than  any  of  the  others 
the  requirements  of  simple,  economi- 
cal and  efficient  construction,  mainte- 
nance and  attendance  in  regular  ser- 
vice. 


The  famous  Eiffel  tower,  it  is  said, 
has  commenced  to  lean  to  one  side, 
and  will  therefore  be  taken  down. 


The  Lake  Superior  copper  output 
for  December,  1903,  was  one  of  the 
largest  ever  recorded,  having  amount- 
ed to  17,325,000  pounds. 


The   Individual   Application   of   Electric   Motors  to 

Machinery 

With  Rules  for  Determining  the  Size  of  Motors 

By     WILLIAM     COOPER 


THE  technical  press  has  been  over- 
run with  descriptions  of  the  in- 
dividual application  of  electric 
motors,  and  volumes  have  been  writ- 
ten on  the  subject,  describing  various 
forms  of  application.  There  is,  how- 
ever, throughout  all  this  matter  a  very 
great  lack  of  data,  or  information  in 
regard  to  the  actual  power  used  by  the 
different  machines  to  which  the  motors 
have  been  applied,  or  to  which  it  is 
contemplated  applying  them.  A  great 
mass  of  data  has  been  given ;  but  these 
in  most  cases  have  been  assumed. 
Very  little  of  the  information  is  the  re- 
sult of  actual  operation.  It  is  usually 
given  in  the  form  of  the  motor  being 
of  a  certain  horse-power,  as  applied  to 
a  certain  machine ;  but  it  is  not  reduced 
to  any  basis  on  which  further  calcula- 
tions can  be  made. 

As  a  result  of  all  this  there  have  been 
many  applications  of  motors  in  which 
the  motor  has  been  out  of  all  propor- 
tion to  the  work  to  be  performed, — in 
some  cases  unnecessarily  powerful,  and 
in  a  great  many  cases  too  small.  The 
last  fault  is  especially  pronounced  in 
the  so-called  variable-speed  motors  as 
applied  to  machine  shop  tools.  Quite 
a  demand  has  sprung  up  for  electric- 
ally-driven machine  tools  in  the  last 
two  or  three  years,  and  a  great  many 
machine  tools  have  been  built  with 
motdrs  attached  to  drive  them.  In 
many  cases  these  motors  were  mere 
toys,  as  compared  to  the  work  which 
they  were  expected  to  perform. 

The  favorite  method  of  obtaining 
variable  speeds  is  the  field  method  of 
regulation.  But  a  desire  to  keep  the 
motor  within  a  certain  size,  so  that  it 
would  not  be  abnormally  large  in  pro- 
portion to  the  machine  to  which  it  was 
to  be  attached,  has  led  in  many  in- 
stances to  the  use  of  motors  that  are 
entirely  too  small  when  they  are  ex- 
pected to  yield  a  considerable  range 
of  speeds  by  field  regulation.  This 
condition  of  affairs  is  a  handicap  to  the 
use  of  electric  motors  for  variable 
speed  work,  as  these  failures  are  so 
numerous  that  they  have  brought  this 
branch  of  the  business  into  disrepute, 
and  it  is  only  the  persistence  of  the  de- 
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mand  for  this  class  of  machinery  that 
keeps  the  business  alive.  The  great 
difficulty  and  impossibility  almost  of 
operating  a  variable-speed  motor  on 
any  one  fixed  and  constant  voltage 
through  a  range  that  is  applicable  to 
machine  shop  tools  has  led  one  electri- 
cal firm,  prominent  in  the  field  of  indi- 
vidual motor-drive,  to  absolutely  re- 
fuse to  fill  orders  of  this  kind. 

The  writer  was  called  not  long  ago 
to  inspect  a  lathe  in  the  factory  of  a 
prominent  machine  tool  manufacturer, 
which  was  equipped  with  a  variable- 
speed  motor.  This  motor  was  intended 
to  have  a  range  of  speeds  of  four  to 
one,  these  speeds  being  obtained  by 
shunt  field  regulation,  the  motor  oper- 
ating on  one  fixed  voltage.  The  motor 
behaved  very  badly,  and  the  tool  manu- 
facturers were  at  a  loss  to  account  for 
its  poor  working.  A  test  showed  that 
the  motor  would  not  do  the  maximum 
work  that  it  would  be  called  upon  to 
do  even  when  running  on  its  full  field 
strength,  and  when  running  at  its  point 
of  weakest  field  it  sparked  badly  while 
the  machine  was  doing  no  work.  These 
are  the  cases  that  give  motor-driving 
in  general  a  black  eye. 

The  inability  of  motor  manufac- 
turers to  furnish  a  motor  with  a  com- 
paratively wide  range  of  speed  and 
operating  on  a  fixed  and  constant  volt- 
age has  led  machine  tool  manufactur- 
ers to  devise  various  forms  of  mechan- 
ical speed-changing  devices.  These 
devices  fill  the  gap  and  make  it  possible 
to  equip  a  machine  tool  with  an  electric 
motor  which  can  be  operated  on  a 
fixed  voltage  and  yet  .have  power 
enough  to  properly  operate  the  tool. 

The  advent  of  the  high-speed  tool 
steels  has  also  made  the  question  of 
motor-drive  in  machine  tool  practice 
more  difficult.  It  has  also  shown  to 
the  machine  tool  manufacturers  that 
their  tools  have  not  the  necessary  pull- 
ing power  to  do  the  work  that  it  is 
possible  to  do  with  these  steels.  The 
machines  themselves  in  a  great  manv 
instances  are  shown  to  be  weak.  With 
the  best  tool  steel  obtainable,  prior  to 
the  introduction  of  the  so-called  hi°;h- 
speed   steels,   a   24-inch   engine   lathe 


with  one  tool  could  be  made  to  use 
only  three  or  four  horse-power,  while 
with  some  of  the  new  steels  the  same 
machine  will  readily  absorb  three  or 
four  times  this  amount. 

These  are  the  points  to  which  both 
the  machinery  manufacturers  and  the 
motor  manufacturers  must  give  strict 
attention  if  the  business  of  individual 
application  of  motors  is  to  advance  as 
the  qualifications  of  an  electric  motor 
for  this  work  warrant.  It  behooves  the 
machinery  builders  to  guard  against 
sending  out  machines  equipped  with 
motors  that  will  not  fulfill  the  condi- 
tions perfectly.  It  is  far  better  to 
burden  the  machine  with  a  complex 
set  of  change  gears  than  to  equip  it 
with  a  variable-speed  motor  that  is  not 
able  to  meet  all  the  demands  which 
will  be  made  upon  it.  The  manufac- 
turers of  electric  motors  have,  of 
course,  to  take  the  butt  end  of  all  the 
blame.  So  long  as  the  motor  is  not 
capable  of  working  the  machine  to  its 
limit,  the  machine  stands  blameless. 

The  question  of  how  much  of  the 
total  range  of  speed  variation  of  any 
given  machine  should  be  taken  care  of 
by  the  motor  is  a  matter  of  opinion. 
The  machine  manufacturer  naturally 
asks  the  motor  manufacturer  what 
range  he  can  furnish.  The  motor 
manufacturer,  anxious  to  make  as 
good  a  showing  as  possible  for  his  mo- 
tor, and  perhaps  not  knowing  the  con- 
ditions to  be  fulfilled,  guarantees  a 
wider  range  than  the  motor  can  cover 
and  fulfill  its  functions  properly.  In 
this  he  is  at  fault.  The  greater  the 
number  of  motors  that  are  put  out 
under  these  conditions,  the  slower  the 
business  will  progress,  and  it  is  cer- 
tainly poor  business  policy  to  furnish 
apparatus  of  this  kind. 

This  question  of  equipping  machines 
with  motors  that  are  unable  to  perform 
the  work  which  they  are  called  upon  to 
do  brings  the  motor-drive  into  disre- 
pute in  still  another  way.  The  motors 
which  are  thus  overloaded  burn  out, 
and  the  machines  to  which  they  are  at- 
tached are  thrown  out  of  service.  This 
leads  to  the  belief  that  motors  in  gen- 
eral are  poor,  weak  things,  and  makes 
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the  ordinary  purchaser  prejudiced 
against  the  apparatus  as  a  class.  It 
not  only  prejudices  the  purchaser,  but 
it  apparently  affects  the  minds  of  peo- 
ple who  are  in  a  position  to  know,  and 
should  know,  that  electric  motors,  as 
constructed  by  the  best  manufacturers, 
are  not  toys  or  playthings,  but  ma- 
chines to  be  thoroughly  depended  upon 
when  properly  designed  for  the  work 
which  they  are  called  upon  to  perform. 
This  is  evidenced  by  the  behavior  of 
street  car  motors.  Certainly  no  other 
class  of  machinery  could  be  subjected 
to  the  same  abuse  and  work  under  as 
adverse  conditions  as  a  street  car  mo- 
tor and  have  anything  like  the  life  that 
this  kind  of  motor  has. 

In  a  recent  issue  of  one  of  the  tech- 
nical journals,  in  an  editorial  comment 
on  the  advisability  of  building'  the  elec- 


one  make  of  motor  is  not  available,  an- 
other generally  can  be  readily  substi- 
tuted. It  is  true  that  one  of  the  first 
attempts  at  driving  lathes  with  electric 
motors  was  made  by  building  the 
motor  in  the  headstock  and  mounting 
the  armature  on  a  quill  which  corre- 
sponds to  the  cone  pulley,  but  this  de- 
sign was  a  failure.  A  stroll  through 
the  machine  shop  of  an  electric  con- 
cern, well  known  for  their  efforts  along 
these  lines,  will  discover  a  number  of 
engine  lathes,  originally  built  with  the 
motors  in  the  headstock,  but  now 
equipped  with  standard  motors  mount- 
ed on  the  field  rings  of  the  old  motors. 
They  found  that  their  lathes  were  lying 
idle  too  much  of  the  time,  because  of 
repairs  to  the  motors,  and  so  aban- 
doned the  idea.  When  some  better 
means  of  insulating  the  windings  of 
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trie  motor  as  an  integral  part  of  the 
machine  to  which  it  is  applied,  the  fol- 
lowing statement  was  made  : — 

"Unfortunately  for  the  progress  of 
electric  machine  tool  driving,  it  is,  in 
the  present  state  of  the  art,  bad  design 
to  make  an  electric  motor  an  integral 
part  of  a  machine  tool.  This  condition 
exists  because  of  the  still  primitive 
state  of  the  electric  motor,  which 
makes  it  quite  necessary  to  be  able  to 
quickly  replace  burnt  out  armatures, 
etc.  If  the  armature  is  mounted  on  a 
shaft  which  forms  a  part  of  the  ma- 
chine, such  as  a  lathe  spindle,  for  in- 
stance, it  is  special,  and  its  replace- 
ment is  a  matter  of  days  or  weeks,  de- 
pending on  the  distance  from  the  fac- 
tory, their  promptness,  etc.  But,  if  a 
standard  motor  is  used,  the  replace- 
ment of  a  burnt-out  armature,  or  of  the 
entire  motor,  is  a  simple  matter.     If 


motors  are  discovered  than  is  now 
known,  it  may  be  feasible  to  make 
them  part  of  the  machine  tools ;  but  it 
emphatically  is  not  so  now,  except,  per- 
haps, in  the  case  of  some  small  tools 
like  grinders  or  drills." 

The  statement  that  such  motors  were 
replaced  is  a  fact,  but  the  reason  as- 
signed is  entirely  erroneous.  The 
writer  has  personal  knowledge  of  the 
matter  referred  to,  and  can  say  posi- 
tively that  the  reason  these  motors 
were  replaced  was  because  they  were 
not  powerful  enough  to  do  the  work 
that  the  machine  in  which  they  were 
built  was  capable  of  doing.  The  con- 
struction, cf  necessity,  required  that 
the  motor  should  have  a  maximum 
speed  the  same  as  the  maximum  speed 
at  which  the  spindle  of  the  lathe 
would  be  operated,  and  a  minimum 
speed  that  would  be  called  for  by  the 


slowest  speed  on  the  lathe.  These 
limiting  speeds  would  be,  on  a  24  or 
30-inch  lathe,  a  minimum  of  about  40 
or  50  revolutions  per  minute,  and  a 
maximum  of  250  to  300  revolutions 
per  minute.  The  construction  also 
limits  the  cubical  contents  of  the  motor. 
It  is  practically  impossible  to  build  into 
the  headstock  of  a  24-inch  lathe  a 
motor  of  sufficient  power  to  properly 
operate  the  machine.  The  inability  of 
these  motors  to  properly  perform  the 
work  which  they  are  called  upon  to  do 
was  made  especially  evident  upon  the 
introduction  of  the  high-speed  steels, 
and  it  was  for  this  reason,  and  this 
reason  alone,  that  the  machines  were 
altered. 

Statements  like  the  one  quoted,  ap- 
pearing as  leaders  in  prominent  tech- 
nical journals,  do  an  injustice  to  the 
manufacturers  of  electric  motors.  It 
must  be  admitted,  however,  that  some 
electric  motors  are  placed  upon  the 
market  which  are  not  by  any  means 
perfection  in  workmanship  and  ma- 
terial. The  same  conditions  exist  in 
the  manufacture  of  electric  apparatus 
that  exist  in  the  manufacture  of  any 
class  of  machinery.  There  is  always 
some  apparatus  of  inferior  grade  on 
the  market.  However,  it  must  be  said 
that  the  modern  electric  motor,  as  built 
by  the  best  manufacturers,  is  as  reliable 
as  any  part  of  any  machine  to  which  it 
may  be  connected. 

One  more  illustration  of  this  eternal 
unfitness  of  things : — The  writer  re- 
cently received  an  invitation  to  inspect. 
in  company  with  several  others,  who 
are  directly  or  indirectly  interested  in 
such  matters,  a  new  motor-driven 
lathe.  This  lathe  was  built  by  one  of 
the  leading  machine  tool  builders  for 
an  electrical  manufacturing  company, 
and,  of  course,  was  equipped  with  one 
of  their  motors.  From  what  was  said 
about  the  outfit,  one  expected  to  see 
quite  a  wonderful  creation.  What  was 
seen  was  this  : — 

A  20-inch  swing  lathe  with  about  a 
10-foot  bed.  A  motor  of  the  semi- 
enclosed  type  mounted  upon,  and  a  lit- 
tle to  the  rear  of,  the  centre  line  of  the 
headstock,  connected  by  a  chain  drive 
to  an  intermediate  shaft,  upon  which 
was  mounted  a  pinion  that  meshed  into 
the  main  gearing  in  the  headstock. 
The  gearing  was  so  arranged  that  by 
the  manipulation  of  two  levers,  which 
operated  friction  clutches,  four  differ- 
ent speeds  could  be  obtained,  having 
a  ratio  of  3.2,  that  is,  the  second  speed 
was  3.2  times  as  great  as  the  first,  the 
third  speed  was  3.2  times  as  great  as 
the  second,  and  so  on.  The  gearing 
and  clutches  were  all  enclosed  in  a  neat 
and  compact  manner,  and  all  parts 
seemed  to  be  of  liberal  proportions  and 
in  keeping  with  the  balance  of  the  ma- 
chine tool.     In  fact,  the  lathe  was.  a 
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fine  example  of  its  type  and,  together 
with  the  method  of  mounting  the  mo- 
tor, made  a  very  mechanical  and  neat 
appearance.  The  motor  was  said  to 
be  a  variable-speed  motor  of  3  horse- 
power, having  a  speed  variation  of  two 
to  one  by  field  regulation.  The  con- 
troller for  the  motor  also  contained 
armature  resistance,  the  intention  evi- 
dently being  to  increase  the  speed 
range  of  the  motor  to  about  three  to 
one  by  the  use  of  this  resistance. 

The  first  thing,  noted  was  that  the 
motor  sparked  viciously  when  running 
at  its  maximum  speed,  taking  full  load 
current,  and  no  work  being  done  other 
than  rotating  the  piece  in  the  lathe  and 
overcoming  the  friction  of  the  ma- 
chine. With  a  good  operating  cut  on 
a  piece  of  steel,  the  current  was  about 
four  times  the  full  load  current,  and 
the  motor  was  threatened  with  destruc- 
tion. There  can  be  but  one  result  in 
this  case,  as  in  many  others  like  it, — 
the  absolute  failure  of  the  motor  to 
perform  its  functions,  and  the  ultimate 
replacing  of  it  by  a  larger  one.  In  this 
particular  case,  a  motor  which  would 
be  capable  of  giving  at  least  10  horse- 
power at  any  point  of  its  range  would 
be  none  too  powerful  for  this  tool. 

The  important  point  to  be  deter- 
mined in  the  individual  application  of 
electric  motors  is  the  maximum 
amount  of  power  required  to  operate 
the  machine  and  the  conditions  which 
will  require  this  power.  If  the  maxi- 
mum power  required  be  coincident 
with  the  maximum  speed,  and  the 
amount  of  power  decreases  with  the 
speed,  a  motor  having  field  regulation 
is  ill  adapted  to  the  work  of  furnish- 
ing different  speeds.  If  the  power  re- 
quired is  nearly  constant,  or  if  it  de- 
creases as  the  speed  increases,  this 
method  of  regulation  is  much  more  ap- 
plicable. 

Having  determined  upon  the  condi- 
tion under  which  the  maximum  power 
will  be  required,  the  next  point  is  to 
determine  the  amount  of  power.  This 
should  be  very  carefully  considered,  as 
the  successful  operation  of  the  machine 
will  depend  in  a  great  measure  upon 
it.  In  equipping  machine  tools  with 
motors,  if  the  kind  of  work  which  the 
machine  is  to  perform  is  known,  the 
amount  of  power  required  can  be  very 
closely  determined. 

In  the  case  of  an  ordinary  engine 
lathe,  which  will,  without  doubt,  be 
used  to  turn  steel  shafting  to  some  ex- 
tent at  least,  the  power  required  will 
be  almost  exactly  proportional  to  the 
pounds  of  metal  removed.  This  is  true 
irrespective  of  the  speeds  or  feeds 
used,  while  for  machines  to  operate  on 
cast  iron,  the  amount  of  power  re- 
quired varies  with  the  feed  used.  In 
working  steel,  the  amount  of  power  re- 
quired is  about  one  horse-power  per 


cubic  inch  of  metal  removed  per  min- 
ute. This  is  very  nearly  correct  for  all 
ordinary  working  conditions,  except 
in  case  of  a  milling  machine  using  a 
very  fine  feed. 

In  machining  cast  iron  the  power 
required  varies  from  two-tenths  to  one 
horse-power  per  cubic  inch  of  metal 
removed  per  minute,  depending  upon 
the  feed  per  tool.  In  some  exceptional 
cases  it  may  run  even  higher  than  this. 
A  20-inch  swing  engine  lathe  of  mod- 
ern design  can  easilv  take  a  cut  one- 
fourth  of  an  inch  deep  with  one-six- 
teenth of  an  inch  feed,  and,  using  high- 
speed cutting  steel,  a  cutting  speed  of. 
60  to  80  feet  a  minute  can  be  easily 
maintained.  This  will  call  for  from  1 1 
to  15  horse-power.  It  is  evident  that 
the  lathe  above  mentioned,  which  was 
equipped  with  a  3  horse-power  motor, 
will  hardly  meet  the  requirements,  es- 
pecially when  running  on  a  weakened 
field. 

Knowing  the  amount  of  power  re- 
quired to  operate  any  given  machine, 
and  the  conditions  of  the  requirements, 
the  next  point  is  the  selection  of  a  suit- 
able motor.  If  a  constant-speed  motor 
is  to  be  used,  the  selection  is  a  very 
simple  matter.  If  a  variable-speed 
motor  is  to  be  used,  it  may  be  quite  dif- 
ferent. In  the  first  case  it  is  only 
necessary  to  select  a  motor  which  will 
operate  at  a  speed  applicable  to  the 
machine ;  while  in  the  second  case 
there  is  not  only  one  speed  to  consider, 
but  several  speeds,  depending  upon 
the  range  through  which  the  motor  is 
to  operate. 

If  the  behavior  of  a  motor  under 
various  methods  of  speed  regulation  is 
fully  understood,  the  selection  of  a 
variable-speed  motor  can  be  more  in- 
telligently made.  There  are  certain 
rules  governing  the  power  of  an  elec- 
tric motor,  when  operating  at  different 
speeds,  depending  upon  the  method  of 
regulation.  It  is  well  known  that  the 
power  of  a  direct-current  electric  mo- 
tor decreases  in  inverse  ratio  as  the 
increase  of  speed  when  the  speed  is  in- 
creased by  field  regulation.  It  is  also 
well  known  that  the  power  of  a  direct- 
current  motor  increases  in  a  direct 
ratio  as  the  increase  of  speed  when  its 
speed  is  increased  by  increasing  the 
volts  impressed  upon  its  armature. 
These  rules  are  inflexible,  if  the  same 
margins  be  maintained  in  the  motor. 
To  illustrate: — 

Assume  that  a  given  motor,  when 
operating  on  its  normal  voltage,  has  a 
speed  of  600  revolutions  per  minute. 
If  the  speed  of  this  motor  be  increased 
to  1200  revolutions,  the  load  which  it 
will  carry  with  the  same  margin  will 
be  one-half  its  normal  load.  If  its 
speed  be  decreased  to  300  revolutions 
by  decreasing  the  volts  impressed 
upon  its  armature  one-half,  its  power 


will  be  one-half  the  normal  with  the 
same  margin. 

However,  the  limiting  condition  in 
the  two  cases  is  not  the  same.  In  the 
case  of  its  speed  being  increased  by 
field  weakening,  the  limiting  condition 
will  be  its  tendency  to  spark  at  the 
commutator.  In  the  case  of  its  speed 
being  decreased  by  lessening  the  im- 
pressed volts,  its  limiting  condition 
will  be  heating  of  the  armature.  If  the 
motor  normally  had  a  margin  of  100 
per  cent,  in  both  heating  and  sparking, 
or,  in  other  words,  was  capable  of  car- 
rying double  its  rated  load,  it  would 
carry  its  normal  load  under  the  above 
conditions.  It  is,  therefore,  necessary, 
if  it  is  desired  to  increase  the  speed  of 
a  motor  100  per  cent,  by  field  weaken- 
ing, to  have  100  per  cent,  margin  for 
sparking  at  normal  speed,  if  the  motor 
is  to  carry  normal  load  at  the  increased 
speed.  The  same  is  true  in  regard  to 
heating,  if  the  speed  is  to  be  decreased 
by  lessening  the  impressed  volts. 

These  rules  are  graphically  pre- 
sented in  the  accompanying  diagram. 
The  change  in  speed  and  horse-power 
by  change  in  field  strength  is  repre- 
sented by  the  curve  A,  while  the 
change  in  speed  and  horse-power  by 
change  of  voltage  is  represented  by  the 
lines  B,  C,  D,  etc.  From  this  diagram 
we  can  determine  the  minimum  size 
motor  that  will  be  required  for  any 
given  case,  using  either  shunt  field 
regulation  entirely,  or  combining  shunt 
field  regulation  and  multi-voltage,  or 
multi-voltage  entirely. 

Suppose,  for  instance,  that  a  given 
machine  tool  requires  1  horse-power  to 
operate  it  under  all  varying  conditions 
of  service,  and  it  is  required  to  have  a 
speed  range  of  four  to  one.  We  can 
get  this  in  three  ways  :■ — One  by  using 
entire  field  regulation,  which  will  re- 
quire a  motor  of  4  horse-powTer  at  500 
revolutions  per  minute  with  normal 
field  strength ;  or,  if  two  voltages  are 
available, — one  of  which  is  double  the 
other, — a  2  horse-power  can  be  used 
running  at  1000  1  evolutions  at  normal 
field  strength,  or  one-fourth  as  large 
as  the  motor,  giving  this  range  by 
field  control  entirely;  or  this  motor 
can  be  run  at  2000  revolutions  by  in- 
creasing the  voltage. 

The  horse-power  of  this  motor,  due 
to  reduction  in  speed  by  reduction  in 
voltage,  will  decrease  along  the  line  K 
in  the  diagram,  so  that  at  500  revo- 
lutions it  will  give  1  H.  P.,  and  also 
give  1  H.  P.  at  2000  revolutions  by 
weakening  its  field,  following  line  A. 
It  is  seen  from  the  curve  that  with 
two  voltages, — one  of  which  is  double 
the  other, — in  combination  with  weak- 
ening the  field,  the  range  of  speed  of 
four  to  one  is  the  maximum  that  can 
be  obtained  from  a  motor  which  will 
be  worked  to  its  full  capacity  at  both 
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the  minimum  and  maximum  speeds. 
If  any  greater  range  than  this  is  re- 
quired under  these  conditions,  a  larger 
motor  must  be  used.  For  instance, 
suppose  that  a  speed  range  of  five  to 
one  be  required,  and  the  variation  ob- 
tainable by  changing  voltages  is  only 
two  to  one.  Assume,  as  before,  that 
the  maxium  speed  is  2,000  revolutions 
per  minute;  the  minimum  speed  will 
be  400  revolutions.  Now,  as  400  and 
800  revolutions  will  be  the  speed  vari- 
ation by  changes  in  voltages,  these 
voltages  being  in  the  ratio  of  two  to 
one  (say,  no  and  220  volts),  a  motor 
will  be  required  to  develop  2.\  H.  P. 
at  800  revolutions  on  full  field ;  this  is 
indicated  by  the  point  at  which  the 
curve  A  crosses  the  ordinate  of  800 
revolutions.  The  horse-power  of  this 
motor  will  decrease,  as  that  of  all  other 
motors,  directly  in  proportion  to  its 
speed  by  reduction  in  voltage.  It  will, 
therefore,  be  1}  H.  P.  at  400  revolu- 
tions, being  in  this  case  slightly  in  ex- 
cess of  the  power  required  at  the  slow- 
est speed.    The  motor,  however,  in  this 


case  would  be  equivalent  of  a  3.1  H.  P. 
at  1000  revolutions,  or  more  than  50 
per  cent,  larger  than  a  motor  to  do  the 
same  work  with  a  speed  range  of  four 
to  one. 

A  motor  will  be  six  times  too  large 
when  operating  at  six  times  its  speed, 
the  speed  being  increased  by  an  in- 
crease in  voltage ;  in  order  to  get  the 
same  range  by  shunt  field  regulation, 
the  motor  would  require  to  be  thirty- 
six  times  the  size  it  would  be  if  oper- 
ating- only  at  the  one  maximum  speed. 
This,  in  itself,  is  sufficient  proof  of  the 
superiority  of  the  system  of  getting 
variable  speeds  by  variable  voltages 
over  the  system  of  shunt  field  regula- 
tion exclusively. 

From  this  it  follows  that  a  motor 
whose  speed  is  to  be  varied  by  change 
in  voltage,  field  excitation  remaining 
constant,  will  be  directly  proportional 
in  size  to  the  change  in  speed ;  while  a 
motor  whose  speed  is  to  be  varied  by 
change  of  field  excitation  will  be  in 
size  as  the  square  of  the  change  in 
speed. 


In  conclusion,  the  writer  would  indi- 
cate a  few  rules  to  be  used  in  determin- 
ing relative  sizes  of  motors  for  con- 
stant horse-power  application.  These 
are  as  follows: — 

First. — The  total  range  of  speed, 
using  both  variable  voltage  and  field 
regulation,  will  be  as  the  square  of  the 
range  of  voltages. 

Second. — The  change  of  horse- 
power will  be  directly  proportional  to 
change  of  voltage  on  armature,  field 
being  constant. 

Third. — The  change  of  horse-power 
by  change  of  field  strength  will  be  in- 
versely proportional  to  change  in 
speed,  voltage  on  armature  remaining 
constant. 

Fourth. — The  relative  size  of  motor, 
as  referred  to  the  maximum  speed,  will 
be  directly  proportional  to  its  speed 
variation  when  using-  variable  volt- 
ages. 

Fifth. — The  relative  size  of  motor, 
as  referred  to  the  maximum  speed,  will 
be  as  the  square  of  the  speed  variation 
when  using  field  regulation. 


Electric  Station   Power   Plant 


The    Advent   of   the    Steam    Turbine    and    Gas    Engine 


By   ELIHU    THOMSON 


Dr.  Thomson's  brief  review  of  what  has  been  accomplished  with  electric  generating  plant  during 
the  past  twenty-five  years,  presented  a  short  time  ago  before  the  National  Electric  Light  Association, 
clearly  outlines  what  we  may  expect  to  see  in  the  electric  power  station  of  the  near  future,  to  the 
exclusion,  in  great  part,  of  examples  of  standard  practice  of  the  past  decade.  The  steam  turbine  and 
the  gas  engine  will  certainly  cut  deeply  into  the  field  hitherto  occupied  almost  exclusively  by  steam 
engines  of  the  conventional  type. — The  Editor. 


T 


WENTY-FIYE  years  ago  the 
eleetric  station  had  its  begin- 
ning. In  1878  a  number  of 
dynamos  of  the  alternating  type  were 
belted  to  steam  engines  and  used  for 
lighting  the  Place  de  l'Opera  and  Rue 
de  l'Opera  in  Paris.  The  practice  of 
belt  driving,  in  which  the  dynamo 
speed  is  much  higher  than  the  engine 
speed,  was  well-nigh  universal  for  a 
period  of  ten  to  fifteen  years  thereaf- 
ter. The  earliest  machines,  which 
were  direct-connected  to  the  engine 
without  belting,  were  probably  the  Ed- 
ison Jumbo  dynamo  and  the  Gordon 
alternator,  each  of  which  was  brought 
out  in  1883.  The  machines  up  to  that 
time  were  of  very  limited  capacity.  A 
dynamo  that  would  use  25  to  50  horse 
power  to  drive  it  was  one  of  large  out- 
put. 

The  movement  toward  direct  con- 
nections was  simultaneous  with  a 
great  increase  of  capacity  over  the 
then  existing-  machines.     The  Edison 


Jumbo  was  a  direct-current  constant- 
potential  dynamo  of  about  1,200  16 
candle  power  incandescent  capacity,  or 
about  100  kilowatts  in  output ;  small 
enough,  it  is  true,  as  compared  with 
our  present  standards.  The  Gordon 
alternator  was  a  revolving-field  ma- 
chine, the  field  being  about  eight  feet 
in  diameter,  revolved  by  the  engine 
direct  ( and  forming  a  flywheel  for  the 
same)  at  a  speed  of  from  140  to  180 
revolutions  per  minute,  the  periodicity 
being  about  45  cycles.  Its  capacity 
was  about  5,000  incandescent  lights, 
or  roughly,  350  kilowatts  output. 
These  were  very  large  machines  in 
their  day.  The  Edison  Jumbo 
weighed  25  tons  and  the  Gordon  al- 
ternator 22  tons.  It  is  interesting  to 
note  that  the  Armington  &  Sims  en- 
gines, which  drove  the  later  Edison 
Jumbos,  were  specially  designed  to 
secure  relatively  high  speed,  so  as  to 
meet,  as  far  as  possible,  the  dynamo 
conditions.       Later     on     these     same 


high-speed  engines  were  extensively 
employed  in  electric  stations,  belted  to 
dynamos  running  from  600  to  1,500 
revolutions  per  minute,  and  employed 
for  incandescent  or  arc  lighting  in 
small  units.  The  example  of  direct 
connection  gradually  spread,  and  the 
direct-connected  electric  plant  has  at 
last  almost  entirely  displaced  belt- 
driven  machines. 

The  growth  was  rather  slow,  and 
less  rapid  in  the  United  States  than  in 
Europe.  There  was,  of  course,  much 
work  to  be  done  in  perfecting  details, 
and  the  substitution  of  the  large  di- 
rect-connected unit  for  belt-driven 
types  may  have  been  retarded  by  the 
exceedingly  rapid  development  in 
various  electrical  fields. 

The  replacement  came  about  partly 
on  account  of  the  increasing  output, 
not  only  of  the  stations,  but  of  the 
units  themselves,  up  to  5,000  or  6,000 
kilowatts  each,  in  some  of  the  large 
generating   stations   to-day.     As   the 
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size  of  the  unit  increased,  the  speed,  of 
necessity,  came  down  to  accommodate 
the  heavy  reciprocating  steam  engines 
employed.  This,  however,  so  far  as 
the  dynamo  was  concerned,  was  only 
to  be  accomplished  by  the  use  of  very 
massive  machines.  The  dynamo  ma- 
chine, and  other  electric  machines, 
are  essentially  high-speed  machines, 
and  any  straining  for  low  speed  must 
always.be  paid  for  in  excess  of  mate- 
rial or  diminished  efficiency,  or  both. 
Nevertheless,  the  direct-connected, 
slow-speed  machine  of  sufficiently 
large  capacity  has  proved  itself  very 
satisfactory   in   practice,   and   has   be- 


since  the  Parsons  turbine  was  applied 
to  drive  direct-connected  dynamos  of 
small  capacity.  The  earliest  of  these 
ran  at  about  10,000  turns  per  minute, 
and  really  presented  the  difficulty  that 
the  speed  was  far  in  excess  of  reason- 
able dynamo  speeds.  The  thing  had 
in  fact,  been  overdone.  Growth  in 
size  of  units-  and  perfection  of  design 
allowed  the  speeds  to  be  lowered  to 
about  3,000  turns  in  moderately  sized 
units,  and  still  lower  in  the  largesl 
units,  thus  adapting  the  speed  to  a 
proper  proportioning  of  dynamos 
The  lower  limit  of  speed  depends  on 
the  size  or  capacity  of  the  turbine  en 


against  the  vanes  of  a  portion  of  the 
periphery  of  the  vane-carrying  disk. 
The  form  of  jet  or  nozzle  is  flaring 
toward  the  wheel,  and  the  conversion 
of  tlie  kinetic  energy  of  the  steam  into 
motion  in  one  direction  takes  place  in 
the  expanding  nozzle  itself,  and  the 
fall  of  temperature  and  pressure  there- 
fore occurs  largely  before  the  steam 
reaches  the  wheel,  which  itself  re- 
volves in  a  fairly  good  vacuum  pro- 
vided by  the  condenser. 

In  the  lately  developed  form  of  tur- 
bine, due  to  Mr.  Curtis,  the  work  of 
the  steam  is  divided  into  distinct 
stages,  part   of  the  expansion  takinp 


A  3OO-H.   P.,  200-K.    W.   DIRECT-CURRENT  TURBINE-DYNAMO    SET,    MADE  BY  THE   DE  LAVAL  STEAM   TURBINE  COMPANY,    TRENTON,    N.   J. 


come  almost  universal.  Still,  engi- 
neers have  not  been  content,  and  it 
seems  as  if  we  are  on  the  eve  of  an- 
other decided   change. 

In  some  cases  in  cities  the  vibra- 
tions caused  by  reciprocating  engines 
have,  in  fact,  forced  a  change  in  the 
character  of  the  motive-power  ma- 
chines. Instead  of  bringing  down  the 
dynamo  to  steam-engine  conditions, 
we  now  bring  the  steam  engine  to 
dynamo  conditions  by  changing  the 
type  of  engine  employed.  In  fact,  the 
new  problem  was  to  bring  down  the 
turbine  engine,  with  the  excessive 
speed  required  for  economy  of  steam, 
to  such  speeds  as  were  within  the 
range  of  feasible  dynamo  construc- 
tion.    It  is  now  about  12  to  15  years 


gine,  but  it  will  probably  not  go  much 
below  500  turns  per  minute,  even  in 
the  largest  units. 

In  the  De  Laval  turbine  the  con- 
struction is  such  that  reasonable 
speeds  for  dynamo  work  are  to  be  ob- 
tained only  by  a  remarkable  develop- 
ment of  reducing  gear.  In  such  a 
case  the  plant  becomes  no  longer  di- 
rect connected.  While  in  the  Parsons 
form  of  turbine  the  steam,  entering  at 
one  end  over  the  whole  wheel  and 
passing  in  succession  sets  of  vanes 
carried  thereby  and  stationary  vanes 
or  guides  alternating  therewith,  pro- 
gressively expands  until  it  reaches  the 
exhaust  end,  the  expansion  in  the  De 
Laval  takes  place  in  the  nozzle,  or  set 
of  nozzles,  the  steam  being  directed 


place  definitely  in  each  stage,  and  part 
only  of  the  periphery  of  the  wheels 
being  acted  on  by  the  jets  or  by  steam 
passing  the  intermediate  guides.  The 
action  of  compounding  is  somewhat 
analogous  to  that  in  a  compound  en- 
gine, in  which  the  turbine  wheels  of 
the  successive  stages  are  taken  to  rep- 
resent the  succession  from  the  high- 
pressure  to  the  lowest  pressure  cylin- 
ders. 

The  turbine  engine  is  essentially  a 
machine  of  which  the  efficiency  de- 
pends in  large  measure  upon  its  ex- 
hausting into  a  vacuum.  The  con- 
denser is  therefore  a  very  important 
auxiliary. 

In  the  Curtis  turbine  the  ability  to 
secure  relatively  low  speeds  is  shared 
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with  the  Parsons  form,  and  the  ability 
to  govern  output  by  increase  or  de- 
crease of  steam  entering  the  nozzles 
is  shared  with  the  De  Laval  form. 
This  latter  feature  is  valuable  in  gov- 
erning and  in  meeting  overload  con- 
ditions. The  present  intention,  how- 
ever, is  not  to  go  into  the  details  of 
turbine  construction.  It  is  rather  to 
point  out  and  emphasize  the  apparent 
fact  that  the  low-speed  direct-connect- 
ed unit — the  huge  generating  plant 
of  to-day — must  probably  eventually 
yield  to  the  much  smaller,  relatively 
high  speed  and  less  costly  turbine- 
driven  plant.  While,  perhaps,  there 
will  be  little,  if  any,  gain  in  steam 
economy  at  full  load,  the  turbine  has 
the  decided  advantage  that  the  effi- 
ciency curve  holds  up  for  partial 
loads,  even  for  much  below  half  load, 
particularly  when  the  governing  is 
accomplished  as  above  indicated. 
This  valuable  feature  is,  as  is  well 
known,  absent  in  the  compound  en- 
gine of  ordinary  type,  the  efficiency 
curve  falling  off  very  rapidly  with  de- 
crease of  load  to  a  point  which  soon 
neutralizes  all  the  advantage  of  com- 
pounding. The  turbine  is  essentially 
a  high-speed  rotary  engine,  an  ideal 
for  electric  machinery,  with  simple 
bearings,  constant  angular  velocity, 
high  light-load  efficiency,  and  light 
weight.  It  is  particularly  adapted  to 
the  large  units  now  in  use  so  exten- 
sively. The  turbine  seems  destined  to 
play  a  large  part  in  the  future  devel- 
opment of  the  electric  power  and 
lighting  station. 

While  it  does  not  promise  great 
gain  in  steam  economy  under  full 
load,  as  compared  with  the  reciprocat- 
ing types,  the  average  result  where 
load  changes  are  taking  place  will, 
doubtless,  be  that  a  much  better  econ- 
omy is  obtained.  The  gains  in  orig- 
inal outlay,  in  space  taken  up,  and  in 
maintenance  cost  seem  to  be  so  con- 
siderable as  to  be  decisive  as  to  its 
adoption. 

Looking  still  further  ahead,  can  we 
be  assured  that  it  is  the  ultimate  step? 
Laying  aside  as  improbable  the  direct 
conversion  of  the  energy  of  fuel  into 
electric  energy,  -inasmuch  as  we  see 
no  promising  signs  of  its  possibility, 
and  considering  the  fact  that  the  cost 
of  fuel  will  probably  advance  steadily 
as  our  near-the-surface  coal  supplies 
are  worked  out,  it  would  seem  that 
we  must  perforce  at  last  turn  to  those 
forms  of  prime  movers  which  have 
inherent  possibilities  of  developing 
much  higher  efficiencies  in  the  use  of 
fuel  than  are  existent  in  the  steam  en- 
gine. Even  at  the  present  day,  in  cer- 
tain relatively  very  small  units,  the 
internal  combustion  engine,  such  as 
the  gas  or  oil  engine,  has  shown  effi- 
ciencies nearly  .double  that  of  the  best 
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steam-engine  plant,  and  the  partial 
load  efficiency  is  also  satisfactory. 
There  can  also  be  no  question  that  the 
internal  combustion  engine  is  sus- 
ceptible of  improvement,  such  that  in 
large  units  the  present  attained  effi- 
ciency will  be  far  surpassed.  It  seems 
even  probable  that  an  efficiency  of 
heat  conversion  up  to  between  40  and 
50  per  cent,  will  some  day  be  practi- 
cable— a  result  about  three  times  bet- 
ter than  is  attained  with  steam.  The 
engines  which  would  be  used  would 
naturally  be  of  large  reciprocating 
type  and  comparatively  slow  speed, 
unless  some  form  of  gas  turbine  be 
developed — a  matter  upon  which  seri- 
ous doubts  may  be  expressed. 

What  is  meant  by  a  gas  turbine  is 
a  turbine  driven  by  gas  expanding 
from  a  chamber  in  which  the  gas  is 
burned  at  high  pressure  and  tempera- 
ture with  the  requisite  amount  of  air. 
Such  a  machine  demands  the  pump- 
ing of  the  air  and  gas  prior  to  their 
combustion.  The  waste  gases  are,  of 
course,  incapable  of  condensation  in 
a  condenser. 

The  problems  involved  in  a  gas  tur- 
bine are.  then,  altogether  different 
from  those  of  a  steam  turbine  engine, 
and  they  are  necessarily  more  difficult 
of  solution.  In  favor  of  the  ordinary 
gas  engine  is  the  fact  that  all  grades 
of  fuel  gas  may  be  used  with  almost 
equal  facility,  and  even  the  poor  gas, 
of  very  low  calorific  value,  such  as  is 
sometimes  a  waste  product  of  blast 
furnaces  in  iron  smelting,  may  be 
used.  Coal  dust,  culm  and  waste  of 
mines,  of  low  fuel  value,  may  be  made 
to  yield  gas  suitable  for  feeding  gas 
engines.  Liquid  fuel,  as  oil  of  various 
grades,  is  also  available,  and  engines 
have  been  run,  experimentally  at 
least,  by  feeding  them  simply  with 
coal  dust  itself.  The  richest  fuel, 
down  to  the  lowest  and  poorest  grade, 
may  therefore  be  employed  directly  or 
indirectly  in  gas-engine  work,  and  a 
good  efficiency,  much  exceeding  that 
obtainable  with  any  form  of  steam 
engine,  is  even  now  obtainable,  al- 
though the  units  are  not  very  large. 
Much  remains  to  be  done,  however, 
to  render  the  larger  types  of  gas  en- 
gines equally  available  with  steam  en- 
gines, and  the  day  of  their  rapid  in- 
troduction is  probably  still  far  enough 
away  to  cause  little  need  for  hesitancy 
in  the  adoption  of  turbine  plants  for 
electric  stations. 

Where  soft  coal  is  first  converted 
into  gas  by  a  gas  producer,  useful  by- 
products may  be  obtained  which  have 
sufficient  value  to  warrant  their  being 
collected  and  sold.  Moreover,  the  eas 
may  be  continuously  produced  and 
stored  until  needed.  These  condi- 
tions are,  of  course,  well  known.  An 
advantage  obtained  from  the  gas  en- 


gine, and  one  which  has  been  fre- 
quently pointed  out,  is  the  short  time 
required  to  get  it  into  work,  and  the 
equally  quick  shutting  down  of  run- 
ning expense  when  it  is  stopped. 
Provided  only  the  store  of  fuel  is 
ready  to  be  drawn  upon,  there  is  no 
fuel  expense  other  than  expense  for 
fuel  during  running,  the  other  costs 
being  largely  interest  on  plant.  A 
quickly  stopped  and  started  gas-en- 
gine plant  can  take  care  of  load  peaks 
most  effectively  and  efficiently.  But  if 
the  gas  engine  should  ever  become  a 
general  source  of  power,  what  becomes 
of  our  driving?  Will  it  be  brought 
again  to  belting  or  some  form  of  gear- 
ing up  for  increase  of  speed,  or  will 
the  heavy  direct-driven  dynamo  again 
be  found  coupled  to  gas  engines  in- 
stead of  reciprocating  steam  engines? 
It  is  not  probable  that  large  gas 
engines  will  be  run  much  faster  than 
steam  engines  of  equal  power,  so  that 
the  queries  just  propounded  will  need 
to  be  answered  by  future  engineering 
provided  we  are  right  in  assuming 
that  the  future  economical  commercial 
conversion  of  the  energy  of  fuel  into 
power  must  come  through  improve- 
ment and  increase  of  size  of  gas  en- 
gines. In  the  considerations  above 
advanced  the  use  of  water  power  is 
purposely  neglected.  The  amount  of 
water  power  which  can  be  rendered 
available  with  economy  is  limited,  and 
it  is  fairly  local,  in  spite  of  long-dis- 
tance transmission,  while  the  need  of 
electric  generating  stations  will  be 
more  extended  and  universal  as  time 
goes  on.  The  heavily  trafficked 
trunk-line  railroads  will  need  them, 
and  the  replacement  of  small  powers 
by  electric  motors  is  a  future  business 
which  has  only  just  begun,  according 
to  all  present  indications. 


The    5.000-H.  P.     Turbo-Alternator 
at    The  Frankfort  Electricity  Works 

THE  main  central  station  of 
Frankfort-on-the-Main,  Ger- 
many, was  built  in  the  summer 
of  1894  and  opened  in  October  of  the 
same  year.  The  plant  supplies  cur- 
rent for  a  lighting  system  and  also  for 
a  power  and  traction  service.  At  the 
end  of  1901  connections  had  been 
made  to  supply  over  14,000  kw.  be- 
tween power  and  lighting,  and  to 
meet  this  demand  a  4,000-5,000  H.  P. 
Brown-Boveri-Parsons  turbo-alterna- 
tor was  put  down  and  started  in  Au- 
gust, 1902. 

This  new  generating  unit  was 
made  and  installed  by  the  firm  of 
Brown,  Boveri  &  Co.,  Ltd.,  of  Baden, 
Switzerland,  who  are  also  the  con- 
structors of  the  whole  of  the  electrical 
portion    of    the    plant.      Illustrations 
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A  VIEW  OF  THE  FRANKFORT  5,000-H.   P.  TURBINE     GENERATOR,    AND    A    I,500-H.    P.    TANDEM    COMPOUND    RECIPROCATING    ENGINE    IN    THE    SAME 

STATION 


of  it  are  given  on  page  126  and  on  the 
present  page.  The  turbine  is  de- 
signed to  run  at  1,360  revolutions  a 
minute,  with  a  steam  pressure  of  13 
atmospheres  and  3000  C.  superheat. 
The  single-phase  alternator,  direct- 
coupled  to  the  turbine,  has  an  output 
of  2,600  kw,  the  tension  being  3,000 
volts. 


It  was  the  intention  of  the  Electri- 
city Supply  Company  to  change  the 
alternator  in  course  of  time  from  sin- 
gle to  three-phase  with  an  increase  in 
output,  i.  e.,  3,200  kw,  as  a  three-phase 
machine.  The  turbine  which  runs  to- 
day as  a  4,000-H.  P.  machine  was  on 
this  account  designed  so  as  to  give 
easily  5,000  H.   P.  if  necessary,   and 


can  therefore  be  considered  as  a  5,000- 
H.  P.  unit. 

The  total  length  of  the  turbo-alter- 
nator is  about  55  feet,  while  the  width 
and  maximum  height  are  a  little  over 
8  feet. 

The  pure  and  simple  lines  on  which 
this  turbine  has  been,  designed  and 
the  small  amount  of  floor  space  occu- 
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pied  by  the  set  as  compared  with  that 
taken  up  by  an  ordinary  reciprocating 
steam  engine  can  be  seen  at  a  glance 
from  the  illustrations  on  page  126.  I11 
the  upper  one  the  space  occupied  by 
the  5,000  H.  P.  turbo-alternator  can 
be  compared  with  that  taken  up  by  a 
[,500  H.  P.  reciprocating  steam  en- 
gine installed  in  the  same  station.  The 
lower  illustration  is  a  plan  of  the 
Frankfort    Electricity    Works,    show- 


ing the  foundations  of  the  ma- 
chines it  contains.  This  sketch  en- 
ables one  to  form  a  proper  idea  of 
the  space  occupied  by  the  foundations 
of  the  5,000  H.  P.  steam  turbine. 
Comparing  these  with  the  foundations 
of  the  steam  engines  at  work  in  the 
same  station,  it  is  to  be  noted  that  in 
spite  of  their  size,  these  steam  engines 
have  a  total  output  of  only  9,000 
horse-power. 


Grovip  Switches  in  La.rge  Power  Plants 

By    L.    B.  STILLYVELL,    Electrical    Director    of    the    Interborough    Rapid 

Transit    Company,   New    York 

A   Paper  Read  Before   the  American   Institute   of  Electrical   Engineers 


N  a  number  of  large  electric  gen- 
erating plants  recently  designed 
in  America,  the  feeder  circuits 
are  divided  into  a  plurality  of  groups, 
and  a  switch  designated  a  "group- 
switch"  is  connected  into  the  circuit 
between  the  main  bus-bars  and  each 
group  of  feeders.  Obviously,  no 
switch  should  be  added  to  an  organ- 
ization of  switch  gear  already  very 
complicated  and  expensive,  unless  its 
practical  usefulness  fully  justifies  its 
adoption. 

Probably  no  one  who  knows  what 
engineering  means,  would  affirm  with- 
out qualification  either  that  he  ap- 
proves the  use  of  group-switches  or 
that  he  does  not  approve  their  use. 
There  are  few  hard  and  fast  rules  in 
engineering.  If  such  matters  as  the 
use  or  non-use  of  group-switches 
could  be  settled  once  for  all,  and  for 
all  plants  regardless  of  size,  function, 
or  attendant  conditions,  the  purchas- 
ing agent  would  soon  succeed  the  en- 
gineer, the  pharmacist  would  take  the 
place  of  the  physician,  and  the  capi- 
talist investing  his  money  in  electric 
power  development  and  use  would 
have  no  occasion  to  seek  among  tech- 
nical advisers  for  sound  judgment 
resting  upon  broad  experience  and 
exercised  in  full  knowledge  of  the  ex- 
isting state  of  the  art,  as  well  as  recog- 
nition of  its  general  direction  and 
tendency. 

Instead  of  attempting  a  generaliza- 
tion, therefore,  we  may  consider  more 
profitably  the  arguments  for  and 
against  the  group-switch  in  the  case 
of  a  typical  plant,  and  then  glance  at 
some  of  the  modifications  of  function 
and  circumstance,  which  in  the  case 
of  other  plants  would  affect  our  con- 
clusions. 

The  group-switch  first  appeared  in 
the  plant  of  the  New  York  Street 
Railway  Company  at  Ninety-sixth 
street,  but  as  the  writer  had  nothing 


whatever  to  do  with  the  design  of  that 
plant,  he  selects  for  consideration  the 
plant  of  the  Manhattan  Railway  Com- 
pany. In  this  plant  two  complete 
sets  of  main  bus-bars  are  used. 
Switches  are  provided  by  means  of 
which  each  of  these  sets  may  be  divid- 
ed into  two  independent  sets  of  bus- 
bars to  each  of  which  four  alternators 
and  four  groups  of  feeders  may  be 
connected.  Eight  group-switches  are 
provided,  through  each  of  which  cur- 
rent is  supplied  to  a  set  of  auxiliary 
bus-bars,  to  which  in  turn  the  indi- 
vidual feeders  are  connected  through 
their  respective  switches.  One  of  the 
eight  feeder-groups  is  used  to  supply 
power  to  auxiliaries  in  the  power 
house.  The  other  seven  groups  sup- 
ply power,  respectively,  to  the  seven 
sub-stations  which  receive  power  from 
this  central  source.  All  switches  in 
the  high-pressure  alternating-current 
circuits  are  of  the  motor-operated  oil 
type. 

The  arguments  in  favor  of  the 
group-switch  as  used  in  the  plant  of 
Manhattan  Railway  Company  are : 

1. — It  affords  an  additional  means 
of  opening  a  feeder-switch  that  fails  to 
open  its  circuit,  when  operated  for 
that  purpose.  The  advantages  of  the 
group-switch  in  respect  to  this  func- 
tion to-day  appear  materially  less  than 
they  did  five  years  ago,  for  the  reason 
that  the  power-operated  oil-switch 
within  the  period  named  has  demon- 
strated a  high  degree  of  reliability. 
However,  it  cannot  be  assumed  that 
the  feeder-switch  is  invariably  reliable, 
and,  therefore,  judgment  of  the  weight 
of  the  argument  in  favor  of  the  group- 
switch,  based  upon  its  use  as  a  reserve 
for  the  feeder-switch,  becomes  a  ques- 
tion of  judgment  of  the  chances  of 
failure  of  the  feeder-switch  on  the  one 
hand  and  the  seriousness  of  total  in- 
terruption of  power  supply  on  the 
other. 


2. — It  affords  means  of  reducing 
aggregate  load  upon  the  power  house 
in  case  of  necessity  more  rapidly  and 
otherwise  less  objectionably  than  the 
usual  method  of  cutting  off  individual 
feeders.  It  will  sometimes  happen  in 
the  operation  of  a  power  plant  that  it 
becomes  necessary  suddenly  to  shut 
down  one  of  the  generating  units.  If 
the  load  carried  at  the  time  be  such 
that  the  shutting  down  of  the  genera- 
tor implies  reduction  of  the  external 
load,  this  can  be  accomplished  most 
conveniently  by  operating  one  of  two 
group-switches. 

3. — Where  duplicate  main  bus-bars 
are  used,  it  facilitates  transfer  of  load 
from  one  set  to  the  other,  in  case  it 
becomes  necessary  suddenly  in  opera- 
tion to  make  such  transfer.  As  bus- 
bars and  connections  are  now  in- 
stalled in  our  best  plants,  this  neces- 
sity does  not  arise  frequently;  never- 
theless, it  is  liable  to  occur,  and  ob- 
viously half  a  dozen  group  switches 
may  be  used  to  affect  the  transfer  in 
much  less  time  than  would  be  required 
were  five  or  six  times  that  number  of 
individual  feeder-switches  used. 

4. — -The  grouping  of  the  external 
feeder-circuits  in  group  units  bearing 
a  simple  fixed  relation  to  the  gen- 
erator units  establishes  a  symmetry 
and  proportion  most  useful  to  the  op- 
erator, particularly  in  times  of  emer- 
gency. In  the  case  of  the  plant  under 
consideration,  at  times  of  full  load,  the 
power  passing  through  each  group- 
switch  is  substantially  equal  to  the 
output  of  one  generating  unit.  This 
relation,  of  course,  does  not  exist  un- 
der partial  loads,  but  under  such  loads 
it  is  not  difficult  usually  to  keep  in  ser- 
vice generating  capacity  exceeding 
the  load  by  a  margin  sufficient  to 
make  it  possible  to  shut  down  one 
generator  without  cutting  off  feeders ; 
and  in  cases  where  this  margin  of  ca- 
pacity is  not  kept  in  service  it  is, 
nevertheless,  a  more  speedy  and  cer- 
tain operation  to  cut  off  the  necessary 
number  of  groups  of  feeders  than  it 
would  be  to  cut  off  a  proportionate 
number  of  individual  feeders. 

The  arguments  against  the  group- 
switch  are: — ■ 

I. — It  introduces  additional  appa- 
ratus and,  therefore,  in  itself  increases 
the  risk  of  interruption  due  to  failure 
in  switch  insulation,  etc.  The  success- 
ful operation  of  many  plants,  particu- 
larly m  America,  has  been  interfered 
with  by  the  introduction  of  too  much 
switch  gear  and  too  many  safety  de- 
vices, automatic  and  other,  these  addi- 
tions in  themselves  being  responsible 
in  some  cases  for  more  trouble  than 
they  prevent ;  and  it  is  to  be  noted  that 
the  group-switch  implies  the  auxiliary 
bus-bar.  Here,  again,  it  is  impossible 
to  dogmatize,  for  as  the  result  of  addi- 
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tional  experience,  the  judgment  of  to- 
day may  be  reversed  five  years  from 
now.  As  an  expression  of  personal 
opinion,  however,  I  may  say  that  if 
the  group-switch  and  the  auxiliary 
bus-bars  be  reasonably  well  insulated 
and  installed,  the  interruptions  origi- 
nating in  this  additional  apparatus 
should  be  almost  negligible  in  the 
case  of  such  a  plant  as  that  which  we 
are  considering. 

2. — The  group-switch  and  its  bus- 
bars imply,  ol  course,  an  increase  of 
cost  of  the  plant.  In  case  of  the 
Manhattan  plant  this  increase  is  about 
jo  per  cent,  of  the  cost  of  the  switch 
gear  and  measuring  apparatus,  and 
about  four-tenths  of  i  per  cent,  of 
the  cost  of  the  plant.  To  put  it  an- 
other way,  the  cost  of  the  group- 
switches  and  bus-bars  for  the  plant 
approximates  $20,000,  and  the  annual 
cost,  assuming  this  to  be  10  per  cent, 
of  the  investment  cost,  is  $2,000, 
which  is  about  two-tenths  of  1  per 
cent,  of  the  annual  cost  of  operating 
the  entire  plant,  including  sub-sta- 
tions. 

In  the  plants  in  which  the  feeder 
unit  equals  or  exceeds  the  dynamo 
unit  of  power,  the  group-switch,  of 
course,  disappears.  In  this  case,  how- 
ever, it  may  still  be  advisable  to  use 
two  feeder-switches  in  series  in  order 
to  avoid  the  necessity  of  shutting 
down  the  entire  plant  in  case  of  the 
failure  of  a  single  feeder-switch. 

Obviously,  also,  there  is  no  reason 
for  attempting  to  use  group-switches 
in  cases  where  the  total  number  of 
feeders  is  small. 

For  plants  comparable  in  magni- 
tude to  the  plant  of  the  Manhattan 
Railway  Company,  using  a  very  con- 
siderable number  of  feeders,  the 
group-switch  is  important  and  its  use 
generally  advisable. 


Doherty  Gold  Medal  Competition 

A  GOLD  medal  will  be  given  by 
Henry  L.  Doherty,  past-presi- 
dent of  the  National  Electric 
Light  Association,  for  the  best  paper, 
presented  at  the  forthcoming  conven- 
tion of  the  association,  on  under- 
ground construction  for  either  alter- 
nating or  direct-current  plants  or  a 
combination  of  both,  the  selection  of 
the  best  paper  to  be  made  by  a  suit- 
able committee  to  be  appointed  by  the 
president  of  the  association. 

The  object  of  the  award  is  to  ob- 
tain for  this  branch  of  construction 
work  more  consideration  than  it  has 
heretofore  received.  What  is  desired 
is  a  paper  so  complete  and  detailed 
that  it  will  enable  any  central-station 
man  who  is  obliged  to  put  his  wires 


underground,  to  undertake  the  work 
simply  through  the  guidance  of  the 
paper. 

Competitors  for  the  medal  will  not 
be  confined  to  members  of  the  asso- 
ciation. Mr.  Doherty's  generous  of- 
fer was  made  at  the  Cincinnati  con- 
vention and  was  accepted  by  the  as- 
sociation, under  the  condition  that 
not  less  than  five  papers  be  contrib- 
uted on  the  subject.  Papers  must  be 
received  at  the  office  of  the  associa- 
tion, 136  Liberty  street,  New  York, 
not  later  than  April  21,  three  copies 
of  each  paper  being  requested. 


Wireless   Telegraphy   in    the    Reve- 
nue Service 

ELECTRICITY  will  soon  be  made 
use  of  in  rather  a  novel  man- 
ner by  the  United  States  rev- 
enue officers,  according  to  daily 
newspaper  dispatches.  The  smug- 
gling of  Chinese  and  opium  into 
this  country,  across  the  Straits  of 
Fuca,  has  long  been  a  profitable, 
though  ofttimes  hazardous,  industry 
among  certain  not  overly  conscien- 
tious citizens  of  the  State  of  Oregon. 
Small  sloops,  carrying  cargoes  of  con- 
traband Celestials  and  opium,  race 
across  the  Straits  from  Victorian  and 
British  Columbian  ports,  and,  if  dan- 
ger threatens,  take  refuge  among  the 
numerous  islands  which  abound  in  the 
vicinity.  It  would  be  impossible, 
without  an  extensive  fleet  of  revenue 
cutters,  to  thoroughly  patrol  these 
waters,  and  the  authorities  have  had 
perforce  to  look  further  afield  for  a 
successful  means  of  coping  with  the 
difficulty.  Wireless  telegraphy  has 
filled  the  blank,  and  the  revenue  cut- 
ter "Grant"  will  be  fitted  with  appa- 
ratus which  will  enable  her  to  main- 
tain constant  communication  with  the 
land  station  at  Port  Townsend. 
Numerous  other  stations  are  to  be  in- 
stalled at  suitable  points,  and  it  is  an- 
ticipated that  the  system,  when  com- 
pleted, will  enable  the  "Grant"  or 
other  cutters  to  proceed  at  once  to  the 
spot  where  a  suspicious  craft  has  been 
sighted. 

The  Canadian  boundary  between 
Lake  of  the  Woods  and  Point  Roberts 
has  long  been  another  field  of  opera- 
tions for  introducing  John  Chinaman 
into  this  country,  the  wildness  and  re- 
moteness of  that  section  making  a 
thorough  patrol  of  it  by  revenue  of- 
ficers out  of  the  question.  However, 
a  resolution  recently  introduced  be- 
fore the  House  of  Representatives  by 
Congressman  Dixon  offers  a  solution 
of  the  problem,  which  seems  as  prac- 
ticable as  it  seems  simple.  It  has  for 
its  object  the  construction  of  a  barb- 


wire  fence  between  Lake  of  the 
Woods  and  Point  Roberts,  equipped 
with  telegraph,  telephone  or  other 
electric  apparatus  to  convey  warning 
to  inspectors  and  others  charged  with 
the  execution  of  the  exclusion  and 
tariff  laws.  When  one  considers  the 
Chinaman's  flowing  costume  the  true 
inwardness  of  using  barb  wire  in  the 
construction  of  this,  as  it  may  not  be 
inaptly  termed,  Chinese  wall,  will  at 
once  be  apparent. 


The  Berlin  Type-Printing  Telegraph 
Station 

THE  type-printing  telegraph  ser- 
vice recently  installed  in  Berlin 
is  intended  to  afford  a  useful 
complement  to  existing  telegraph  and 
telephone  systems.  In  telephonic 
communication  there  is  a  possibility 
of  mistaking  the  spoken  words,  and 
the  absence  of  an  acknowledgment  in 
writing  of  the  transmissions,  such  as 
is  frequently  required  for  business 
purposes;  on  the  other  hand,  conver- 
sation may  be  overheard  by  a  third 
person. 

The  central  station  just  opened  in 
Berlin  is  intended  to  insure  mutual 
communication  between  any  two  sub- 
scribers to  the  new  system,  as  well  as 
the  simultaneous  transmission  of 
special  dispatches,  such  as  exchange 
telegrams,  from  one  sending  station 
to  any  desired  number  of  subscribers. 
The  apparatus  is  also  likely  to  be  use- 
ful in  the  case  of  the  person  rung  up 
being  absent,  as  the  telegram,  being 
printed  on  his  receiving  apparatus, 
will  be  found  by  him  on  his  return. 

The  type-wheel  is  provided  on  its 
periphery  with  two  circles  of  types, 
corresponding  with  the  letters  and  the 
figures  and  signs  of  punctuation,  re- 
spectively, the  type-wheel  being  ad- 
justed for  either  of  the  circles  by 
means  of  a  shift  key.  The  printing 
takes  place  simultaneously  in  both 
the  sending  and  receiving  apparatus, 
no  matter  whether  anyone  is.  operat- 
ing the  latter  or  not. 

The  working  of  the  newly  opened 
central  station  is  quite  similar  to  that 
of  a  telephone  station.  There  is  a 
switchboard  for  100  subscribers.  As 
soon  as  a  subscriber  strikes  the  call- 
ing key  of  his  apparatus  the  operator 
in  charge  of  the  switchboard  at  the 
central  station  is  advised  by  the  drop- 
ping of  the  indicator  of  the  subscriber 
in  question  and  the  ringing  of  a  bell. 
The  operator  then  puts  himself  in 
communication  with  the  caller,  asks 
him  for  the  desired  connection  and 
connects  the  two  subscribers,  so  that 
their  respective  apparatus  is  im- 
mediately ready  for  mutual  communi- 
cation. 
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Some  English  Portable  Electric 
Drilling  Machines 

AN  interesting  form  of  portable 
electric  drilling  machine, 
brought  out  in  England  by 
Messrs.  Campbell  &  Isherwood,  of 
Bootle,  near  Liverpool,  is  shown  in 
Figs.  I  to  5  of  the  illustrations  on  this 
page  and  on  pages  43  and  44. 

Figs.  1  and  2  show  the  drill,  or. 
more  strictly  speaking,  the  motor 
part  of  the  outfit,  mounted  on  a  truck 


With  this  particular  type  of  machine, 
there  are  no  flexible  or  telescopic 
shafts,  or  knuckle  joints  for  transmit- 
ting the  power  from  the  motor  to  the 
drill.  The  drive  is  practically  direct.  It 
is  possible  to  start  and  stop  the  drill 
instantly  without  removing  the  hand 
from  the  drill-head,  and  the  whole 
machine  can  be  easily  managed  by 
one  man. 

The  carriage  for  the  motor  is  two- 
handled,  so  that  it  can  be  wheeled  like 
a  truck,  or,  perhaps,  more  in  the  man- 
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FIG.    I. A   PORTABLE   ELECTRIC  DRILL,    MADE   BY    MESSRS.    CAMPBELL    &    ISHERWOOD, 

LIVERPOOL,  ENGLAND 


so  as  to  permit  ready  moving  about 
from  place  to  place  as  needed,  while 
Figs.  4  and  5  on  page  44  show  a  ma- 
chine arranged  for  being  raised  in  the 
air  and  slung  in  convenient  position 
for  drilling  without  the  use  of  stay- 
ropes,    steadying    gear,    or    platform. 


ner  of  a  wheelbarrow  with  two  small 
front  wheels.  When  the  handles  are 
released,  the  two  short  legs,  corre- 
sponding to  those  of  a  wheelbarrow, 
hold  the  truck  in  place  so  that  it  can- 
not move  about  readily,  as  a  four- 
wheeled   truck   would   do.     When   in 


its  carriage  the  motor  rests  on  trun- 
nions. On  the  top  of  the  motor  is  a 
bracket  carrying  a  hollow  shaft;  on 
one  end  of  this  shaft  there  is  a  spur- 
wheel  which  is  driven  from  a  pinion 
on  the  armature  shaft.  Through  the 
hollow  shaft  there  slides  a  long  inter- 
nal shaft,  the  end  of  which  is  connect- 
ed with  the  drill-head.  The  hollow 
shaft  has  a  key  on  the  inside,  and  this 
engages  in  a  slot  which  runs  nearly 
the  whole  length  of  the  long  internal 
shaft.  The  motion  is  thus  conveyed 
from  the  motor  through  the  hollow 
shaft  to  the  long  sliding  shaft  which 
naturally  can  be  carried  to  the  work 
to  the  limit  of  its  length,  or  can  be 
brought  back  so  as  to  bring  the  drill- 
head  close  to  the  motor. 

The  drill-head  itself  consists  of  two 
pairs  of  bevel-gear  wheels,  there  being 
four  wheels  in  all,  as  shown  in  Fig.  3. 
The  hand-wheel  at  the  top  in  this  il- 
lustration is  for  feeding  the  drill 
spindle  down,  when  it  is  held  in  the 
clamp,  as  shown  in  Fig.  4.  With  this 
arrangement  the  drill  may  be  turned 
through  a  complete  circle  in  the  plane 
at  right  angles  to  the  long  shaft,  and 
through  almost  a  complete  circle  in 
the  same  plane  as  the  shaft.  In  place 
of  the  bevel-gearing  a  universal 
worm-gear  drill-head  can  be  fitted 
when  tapping  has  to  be  done,  a  slower 
and  more  positive  motion  then  being 
required. 

The  capacity  of  the  machine  is  to 
drill  holes  in  steel  up  to  i-|  inches  in 
diameter;  but  still  larger  machines  are 
being  made  which  will  drill  holes  3 
inches  in  diameter.  The  i-g-inch- 
hole  machine  is  of  1^  horse-pow- 
er, whilst  the  3-inch  hole  machine 
will  be  of  3  horse-power.  The  motors 
can  be  arranged  for  any  voltage  of 
continuous  current  from  50  to  500. 
It  is  calculated  that  a  i^-brake  horse- 
power drill  will  take  approximately 
1300  watts  per  hour.  The  weight  of 
the  motor  is  240  pounds,  the  carriage 
weighs  138  pounds,  the  shaft  24 
pounds,  and  the  drill-head  44  pounds. 
A  switch  is  placed  close  to  the  drill- 
head,  so  as  to  be  within  reach  of  the 
operator  to  stop  and  start  the  machine 
immediately.  The  large  range  of  this 
extremely  handy  portable  drill  will  be 
at  once  apparent. 


An  investigation  has  recently  been 
made,  by  a  German  engineer,  of  the 
water  power  available  from  the  rivers 
on  the  northern  slopes  of  the  Alps. 
The  total  power  of  the  streams  in  this 
region  is  estimated  at  6,000,000  horse- 
power, of  which  about  one-half  could 
be  utilized  for  economic  purposes. 
Only  about  10  per  cent,  of  the  avail- 
able power  is  employed  at  present. 
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Automobile  Roads  of  the^Fut\ire 

AN  interesting  presentation  of  the 
commercial  possibilities  in  the 
building  of  special  tracks  for 
automobile  roads  was  given  in  a  re- 
cent number  of  "The  Car,"  by  Comys 
Beaumont.  The  writer  maintains  that 
this  full  exploration  of  mechanical 
traction  would  show  financial  results 
sufficient  to  convince  the  most  ener- 
getic opponent  to  automobilism  that 
it  is  a  force  destined  to  have  far-reach- 
ing results.  He  proposes  for  England 
a  number  of  car  ways  covering  the 
entire  country. 

Motor  roads  would  be  expensive  to 
build,  but  the  outlay,  he  claims,  re- 
quired by  the  most  extravagant  meth- 
ods of  building  would  not  amount  to 
a  fraction  of  what  a  railway  costs  to 
lay,  leaving  the  rolling  stock  out  of 
the  question  altogether,  because  not 
only  would  such  roads  be  infinitely 
cheaper  to  build  per  mile  than  rail- 
roads, but  since  termini  and  near  ap- 
proaches to  towns  or  cities  are  ren- 
dered unnecessary  there  is  no  need  to 
expend  vast  sums  in  purchasing  prop- 
erty in  the  heart  of  valuable  districts, 


FIG.  2. THE  SAME  KIND  OF  DRILL  ON  LOCOMOTIVE  WORK 


its  suburbs,  and  at  almost  any  point 
along  the  way  a  car  can,  of  course, 
turn  off  and  travel  on  the  regular 
highways.  The  main  object  of  a  car 
way  being  to  take  absolutely  the 
shortest  and  most  direct  route  be- 
tween two  given  points,  no  deviation 
whatever  is  made  to  include  some 
town  of  importance.  A  railroad  track 
laid  on  this  principle  would  be  mani- 
festly absurd,  but  in  a  car  way  it  mat- 
ters little.  A  car  bound  from  Lon- 
don to  Coventry  would  leave  the  way 
at  the  most  convenient  junction  for 
the   latter    city    (two    or    three   miles, 


periority  (convenience  and  speed 
united),  it  requires  every  assistance 
toward  the  consummation  of  both, 
which  is  exactly  what  the  function  of 
a  perfectly  straight  car  way  will  be  to 
provide. 

Mr.  Beaumont  claims  the  laying  of 
such  ways  is  not  only  practical,  but 
should  prove  an  excellent  and  pay- 
ing investment  if  adequately  capital- 
ized. Nor  is  the  capital  required  so 
great  as  might  be  supposed.  He  pro- 
poses a  breadth  of  twenty-five  feet,  to 
permit  of  four  cars  abreast,  leaving 
plenty  of  room  between  them. 
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which  is  always  a  great  capital  outlay 
necessary  in  railway  construction. 

A  motor  car  can  leave  the  road  at 
either  terminus  and  take  ordinary 
roads  leading  to  any  point  in  a  city  or 


FIG.  3- — SECTIONAL  ELEVA- 
TION AND  PLAN  OF  THE  DRILL 
HEAD 


more  or  less,  not  signifying),  while  if 
the  route  were  to  twist  and  contort  it- 
self to  include  all  important  areas  it 
would  lose  its  effectiveness;  for  to  en- 
able the  motor  car  to  prove  its   su- 


From  Naples  to  the  Summit  of 
Vesuvius  by  Electricity 

ANEW  line  of  electric  railway  up 
Vesuvius,  from  Resina  to  the 
foot   of  the  cone,  to  connect 
with  the  old  funicular  railway  to  the 
crater,  has  been  completed  by  Messrs. 
Thos.  Cook  &  Sons,  the  noted  tourist 
agency.     The    starting    point    of   the 
new  railway  is  Pugliano,  which,  ex- 
cept for  a  very  small  stretch  not  yet 
completed,  is  in  itself  connected  with 
Naples    by    electric    trams,    so    that 
when  this  short  extension  is  finished, 
it  will  be  possible  to  travel  by  electric 
power  from  the   heart  of   Naples  to 
the  summit  of  Vesuvius.     The  length 
of  the  new  railway,  exclusive  of  the 
line  up  the  cone,  is  nearly  5  miles,  and 
is  divided   into  three  sections.      The 
first  and  third  sections  are  both  ad- 
hesion lines.     The  maximum  incline 
on  both  these  sections  is  only  8  per 
cent.     The  second  section  is  a  rack 
railway,  with  a  maximum  incline  of 
25  per  cent. 
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FIG.  4. A   SUSPENDED  DRILL   WORKING  ON    SHIP  PLATES.      SEE  PAGE  I3O 


Telegra.ph  Construction  in  the 
African  Jungle 

A  DIFFICULT  piece  of  tele- 
graph and  telephone  con- 
struction work  was  recently 
completed  in  the  Belgian  Congo 
Settlements.  According  to  the  Lon- 
don "Electrical  Engineer,"  the  line 
is  750  miles  long,  the  first  section 
undertaken  being  that  from  Boma  to 
Matadi,  a  distance  of  18  miles."  This 
length  took  no  less  than  eight  months 
to  construct.  White  labor  was  pre- 
cluded by  the  climate,  and  the  greater 
portion  of  the  work  was  done  by  na- 
tives under  the  direction  of  Euro- 
peans. 

The  work  was  complicated  by  sev- 
eral difficult  streams  which  had  to  be 
crossed.  The  crossing  at  Underhill 
was  effected   by  means  of  two  steel 


pylons,  50  feet  high  and  2620  feet 
apart,  and  placed  respectively  237  feet 
and  206  feet  above  the  high-water 
level.  The  construction  of  the  line 
from  Leopoldville  to  Equateur  was 
also  very  difficult.  Surveys  were  par- 
ticularly dangerous,  and  the  zone  was 
unhealthy.  Advantage  was  taken  as 
far  as  possible  of  the  forest  trees  in 
fixing  supports  for  the  line.  The 
crossing  of  the  Kasai  River  was  prob- 
ably the  most  difficult  piece  of  work, 
as  it  was  necessary  to  keep  the  stream 
clear  for  the  steamer  traffic.  Advan- 
tage was  taken  of  a  rocky  island  in 
the  river,  and  the  crossing  was  made 
in  two  spans,  one  of  1472  feet  and  the 
other  of  2198  feet,  the  supports  being 
three  iron  pylons.  Much  trouble  was 
experienced  in  getting  the  four  con- 
ductors in  place,  but  this  was  eventu- 
ally accomplished  with  a  steam  tug. 


The  maintenance  of  the  line  is  ex- 
pected to  give  considerable  difficulty, 
for  although  the  posts  are  either  of 
iron  or  living  trees,  and,  therefore, 
proof  against  the  attacks  of  white 
ants,  elephants  abound,  and  storms 
occasion  great  interference  by  throw- 
ing down  trees  across  the  line.  At- 
mospheric discharges  are  also  trou- 
blesome. Birds  make  their  nests  on 
the  wire,  wasps  nest  in  the  insulators, 
and  spiders  cover  the  poles  with  web, 
collecting  a  litter  of  leaves  and  twigs. 
The  line  is  used  both  for  telephone 
and  telegraph  service,  and  the  stations 
are  protected  by  local  garrisons. 


The  utilization  of  what  formerly 
were  considered  waste  products,  says 
"Cassier's  Magazine,"  and  the  resur- 
rection of  materials  from  a  used-up 
state  to  a  new  condition  of  service- 
ableness  have  in  recent  times  been 
developed  to  such  a  degree  of  com- 
pleteness that  we  are  scarcely  pre- 
pared to  admit  that  anything  is  ever 
irrecoverably  lost.  In  this  respect  we 
believe  in  the  conservation  of  mate- 
rials just  as  we  have  long  been  taught 
to  believe  in  the  law  of  conservation 
of  energy.  From  a  purely  practical 
point  of  view,  however,  some  things 
certainly  may  be  so 
completely    lost    to  I 

further  u  s  e  that 
their  loss  may  well 
be  considered  ab- 
solute, and  one  of 
these  is  the  metal 
lost  in  the  wear 
of  railway  rolling 
stock  brasses.  For 
the     speculator     in 


FIG.    5. THE    MOTOR    REMOVED 

FROM    -THE     TRUCK      AND    SLUNG 
FROM    A   CRANE.       SEE   PAGE  I3O 


copper  values,  the  promoter  of  a 
copper  "corner,"'  to  use  the  broker's 
cant,  the  copper  which  has  gone 
into  railway  brasses  need  have  no 
terrors.  It  is  not  likely  ever  to  be 
available  again  in  full  measure.  It  is 
dissipated  so  completely,  in  part  at 
least,  that  its  practical  recovery  is  not 
likely  to  receive  much  serious  consid- 
eration. From  the  best  available  de- 
duction on  the  subject  it  appears  that 
5  per  cent,  of  the  annual  copper  pro- 
duction of  the  world  disappears  in  this 
way  every  year. 


Voltage   and   Losses   on   Transmission   Lines 


By   ALTON    D.  ADAMS 


THE  voltage  on  a  transmission 
line  may  be  anything  up  to  at 
least  60,000,  and  the  weight  of 
conductors  varies  inversely  with  the 
square  of  the  figures  selected,  the  loss 
being  constant.  Whatever  the  total 
line  pressure,  the  weight  of  conductors 
varies  inversely  with  the  percentage 
of  loss  therein.  These  rules  hold 
good  regardless  of  the  amount  of 
power  involved,  or  the  length  of  the 
transmission. 

The  case  of  maximum  loss  and 
minimum  weight  of  conductors  is  that 
in  which  all  of  the  transmitted  energy 
is  expended  in  heating  the  line  wires. 
Such  a  case  would  never  occur  in 
practice  because  the  object  of  power 
transmission  is  to  perform  some  use- 
ful work. 

Minimum  possible  loss  is  theoreti- 
cally zero,  and  the  corresponding 
weight  of  conductors  is  infinite,  but 
these  conditions  obviously  cannot  be 
attained  in  practice.  Between  these 
extremes  of  minimum  and  of  infinite 
weights  of  conductors  comes  every 
practical  transmission  with  a  line  loss 
greater  than  zero  and  less  than  100 
per  cent. 

To  determine  the  weight  and  allow- 
able cost  of  conductors  the  cost  or 
value  of  the  energy  that  will  be  annu- 
ally lost  in  them  enters  as  one  of  the 
factors.  At  this  point  the  distinction 
between  the  percentage  of  power  lost 
at  maximum  load  and  the  percentage 
of  total  energy  lost  should  come  into 
view. 

Line  loss  ordinarily  refers  to  the 
percentage  of  total  power  consumed 
in  the  conductors  at  maximum  load. 
This  percentage  would  correspond 
with  that  of  total  energy  lost,  if  the 
line  current  and  voltage  were  constant 
during  all  periods  of  operation,  but 
this  is  far  from  the  case. 

A  system  of  transmission  may  op- 
erate with  either  constant  volts  or  con- 
stant amperes  on  the  line  conductors, 
but  in  a  practical  case  constancy  of 
both  these  factors  is  seldom  or  never 
to  be  had.  This  is  because  the  prod- 
uct of  the  line  volts  and  amperes  rep- 
resents accurately  in  a  continuous-cur- 
rent system,  and  approximately  in  an 
alternating-current  system,  the  rate  of 
energy,  that  is,  the  amount  of  power 
transmission.  In  an  actual  transmis- 
sion system,  the  load,  that  is,  the  de- 
mand for  power,  is  subject  to  more  or 
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less  variation  at  different  times  of  the 
day,  and  the  line  volts  or  amperes,  or 
both,  must  vary  with  it. 

If  the  transmission  system  is  devot- 
ed to  the  operation  of  one  or  more 
factories  the  required  power  may  not 
vary  more  than  25  per  cent,  during 
the  hours  of  daily  use,  but  if  a  system 
of  general  electrical  supply  is  to  be 
operated,  the  maximum  load  will  usu- 
ally be  somewhere  between  twice  and 
four  times  as  great  as  the  average 
load  for  each  24  hours.  Such  fluc- 
tuating loads  imply  corresponding 
changes  in  the  volts  or  amperes  of  the 
transmission  line. 

A  comparatively  small  number  of 
rather  long  transmissions  is  carried 
out  with  continuous,  constant  current, 
and  in  such  systems  the  line  voltage 
varies  directly  with  the  load.  As  the 
loss  of  power  in  an  electrical  conduc- 
tor depends  entirely  on  its  ohms  of 
resistance,  which  are  constant  at  any 
given  temperature,  and  on  the  am- 
peres of  current  passing  through  it, 
the  line  loss  in  a  constant-current  sys- 
tem does  not  change  during  the  pe- 
riod of  operation,  no  matter  how  great 
may  be  its  changes  of  load.  For  this 
reason  the  percentage  of  power  loss 
in  the  line  at  maximum  load  is  much 
smaller  than  the  percentage  of  energy 
loss  for  an  entire  day,  unless  the  load 
is  unusually  constant. 

If,  for  example,  the  constant-cur- 
rent transmission  line  is  designed  to 
convert  into  heat  5  per  cent,  of  the 
maximum  amount  of  energy  that  will 
be  delivered  to  it  per  second,  that  is, 
to  lose  5  per  cent,  of  its  power  at  maxi- 
mum load,  then,  when  the  power 
which  the  line  receives  drops  to  one- 
half  of  its  maximum,  the  percentage 
of  loss  will  rise  to  10,  because  0.05  -f- 
0.5  =0.1.  So  again,  when  the  power 
sent  through  the  line  falls  to  one  quar- 
ter of  the  full  amount,  the  line  loss  will 
rise  to  0.05  -7-  0.25  =  0.2,  or  20  per 
cent. 

From  these  facts  it  is  clear  that  a 
fair  all-day  efficiency  for  a  constant- 
current-transmission  line  can  onlv  be 
obtained  in  conjunction  with  a  high 
efficiency  at  maximum  load,  if  widely 
varying  loads  are  to  be  operated.  It 
does  not  necessarily  follow  from 
these  facts  as  to  losses  in  constant- 
current  lines  that  such  losses  should 
always  be  small  at  maximum  loads, 
for  in  constant-current,  as  in  constant- 


pressure  lines,  the  maximum  loss  is 
usually  the  most  important,  especially 
in  transmissions  of  water  power,  and 
if  a  large  loss  may  be  permitted  at  full 
load,  a  still  greater  percentage  of  loss 
at  partial  loads  may  not  imply  bad  en- 


gineering. 


In  a  large  percentage  of  electric 
water  power  plants  some  water  goes 
over  the  dam  during  those  hours  of 
the  day  when  loads  are  light,  the  stor- 
age capacity  above  the  dam  not  being 
sufficient  to  hold  all  of  the  surplus 
water  during  most  seasons  of  the  year. 
If, therefore, the  line  loss  in  a  constant- 
current  transmission,  where  all  of  the 
daily  flow  of  water  cannot  be  used,  is 
not  great  enough  to  reduce  the  maxi- 
mum load  that  would  otherwise  be 
carried,  then  the  fact  that  the  percent- 
age of  line  loss  at  small  loads  is  still 
larger  is  not  very  important. 

Obviously  it  makes  little  difference 
whether  water  goes  over  a  dam,  or 
through  wheels  to  make  up  for  a  loss 
in  the  line.  In  a  case  where  all  the 
water  can  be  stored  during  small 
loads  and  used  during  heavy  loads,  it 
is  clearly  desirable  to  keep  the  loss  in 
a  constant-current  line  down  to  a 
rather  low  figure,  say  not  more  than 
5  per  cent.,  at  maximum  load. 

Much  the  greater  number  of  electri- 
cal transmissions  is  carried  out  with 
nearly  constant  line  voltage,  either  al- 
ternating or  direct,  and  the  line  cur- 
rent in  such  cases  varies  directly  with 
the  power  transmitted,  except  as  to 
certain  results  of  inductance  on  alter- 
nating lines.  As  line  resistance  is 
constant,  save  for  slight  variations 
due  to  temperature,  the  rate  of  energy 
loss  on  a  constant-pressure  line  varies 
with  the  square  of  the  number  of  am- 
peres flowing,  and  the  percentage  of 
loss  with  any  load  varies  directly  as 
the  number  of  amperes. 

These  relations  between  line  losses 
and  the  amperes  carried  follow  from 
the  law  that  the  power,  or  rate  of 
work,  is  represented  by  the  product 
of  the  number  of  volts  by  the  number 
of  amperes,  and  the  law  that  the  pow- 
er actually  lost  in  the  line  is  repre- 
sented by  the  product  of  the  number 
of  ohms  of  line  resistance  and  the 
square  of  the  number  of  amperes  flow- 
ing in  it.  In  each  of  these  cases  the 
power  delivered  to  the  line  is,  of 
course,  in  watts,  each  of  which  is 
1/746  of  a  horse-power. 
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Applying  these  laws,  it  appears  that 
if  the  loss  on  a  certain  constant-pres- 
sure transmission  line  is  10  per  cent, 
of  the  power  delivered  to  it  at  full 
load,  then,  when  the  power,  and  con- 
sequently the  amperes,  on  the  line  is 
reduced  one-half,  the  watts  lost  in  the 


line  as  heat  will  be  (-J)  2 


of  the 


watts  lost  at  full  load,  because  the 
number  of  amperes  flowing  has  been 
divided  by  2. 

But  the  amount  of  power  delivered 
to  the  line  at  full  load  having  been  re- 
duced by  50  per  cent.,  while  the  power 
lost  on  the  line  dropped  to  one-fourth 
of  10  per  cent.,  or  to  2.5  per  cent,  of 
the  full  line  load,  it  follows  that  the 
power  lost  on  the  line  at  half  load  is 
represented  by  .025  H-  0.5  =  0.05,  or 
5  per  cent,  of  the  power  then  delivered 
to  it. 

This  rise  in  the  efficiency  of  a  con- 
stant-pressure transmission  line  as  the 
power  delivered  to  it  decreases,  to- 
gether with  the  fact  that  maximum 
loads  on  such  lines  continue  during 
hardly  more  than  one  to  two  hours 
daily,  tends  to  raise  the  allowable  per- 
centage of  line  loss  at  maximum 
loads. 

This  is  so  because  a  loss  of  20  per 
cent,  at  maximum  load  may  easily 
drop  to  an  average  loss  of  somewhere 
between  5  and  10  per  cent,  for  the  en- 
tire amount  of  energy  delivered  to  a 
line  during  each  day  under  ordinary 
conditions  in  electrical  supply.  In  the 
practical  design  of  transmission  lines, 
therefore,  the  sizes  of  conductors  are 
influenced  as  much  by  the  relation  of 
the  largest  load  to  be  operated  to  the 
greatest  amount  of  power  available 
for  its  operation,  and  by  questions  of 
regulation,  as  by  considerations  of  all- 
day  efficiency. 

If  the  maximum  load  that  must  be 
carried  by  a  transmission  system  dur- 
ing a  single  hour  per  day  requires 
nearly  as  much  power  as  can  be  deliv- 
ered to  the  line  conductors,  either  be- 
cause of  lack  of  water  storage  or  of 
water  itself,  even  if  it  is  stored,  it  may 
be  desirable  to  design  these  conduc- 
tors for  a  small  loss  at  maximum  load, 
rather  than  to  install  a  steam  plant. 

So  again,  as  the  fluctuation  in  volt- 
age at  the  delivery  end  of  a  transmis- 
sion line  between  no  load  and  full 
load  will  amount  to  the  entire  drop  of 
volts  in  the  line  at  full  load,  if  the 
pressure  at  the  generating  end  is  con- 
stant, the  requirements  of  pressure 
regulation  on  distribution  circuits 
limit  the  drop  of  pressure  in  the  trans- 
mission conductors.  For  good  light- 
ing service  with  incandescent  lamps 
at  about  ito  volts,  the  usual  pressure, 
it  is  necessary  that  variations  be  held 
within  one  volt  either  way  of  the  pres- 
sure of  the  lamps,  that  is,  between  109 
and  in  volts. 


Every  long  transmission  system  for 
general  electrical  supply  necessarily 
includes  one  or  more  sub-stations 
where  the  distribution  lines  join  the 
transmission  circuits,  and  where  the 
voltage  for  lighting  service  is  regu- 
lated. As  the  limits  of  voltage  varia- 
tions on  lighting  circuits  are  so  nar- 
row, it  is  necessary  to  keep  the 
changes  of  pressure  on  the  transmis- 
sion lines  themselves  within  moderate 
limits,  or  such  that  can  be  compen- 
sated for  at  sub-stations. 

This  is  particularly  true  in  cases 
where  energy  transmitted  over  a  sin- 
gle circuit  is  distributed  for  both  in- 
candescent lamps  and  large  electric 
motors,  because  the  starting  of  such 
motors  causes  large  fluctuations  of 
amperes  and  terminal  voltage  on  the 
transmission  circuits.  To  hold  such 
fluctuations  within  limits  which  a  sub- 
station can  readily  compensate  for,  it 
is  necessary  that  the  loss  in  the  trans- 
mission line  be  moderate,  say  within 
20  per  cent,  of  the  total  voltage  deliv- 
ered to  it  at  maximum  load. 

Capacity  and  cost  of  equipment  at 
generating  stations  go  up  with  the 
percentage  of  line  loss,  and  thus  serve 
to  limit  its  economical  amount.  For 
every  horse-power  delivered  to  a 
transmission  line  at  a  water  power 
station  there  must  be  somewhat  more 
than  one  horse-power  of  capacity  in 
water  wheels,  at  least  one  horse-power 
in  generators,  and  frequently  a  further 
capacity  of  one  horse-power  in  step- 
up  transformers.  Every  additional 
horse-power  lost  in  the  line  at  maxi- 
mum load,  if  the  generating  plant  is 
to  he  worked  up  to  its  full  capacity, 
implies  an  addition  of  somewhat  more 
than  two  horse-power  capacity  in 
water  wheels  and  generators,  or  of 
somewhat  more  than  three  horse- 
power capacity  in  water  wheels,  gen- 
erators and  transformers. 

Since  the  cost  of  a  generating  sta- 
tion is  thus  increased  as  the' maximum 
line  loss  is  raised,  a  point  is  soon 
reached  where  any  further  saving  in 
the  cost  of  the  line  is  more  than  offset 
by  the  corresponding  addition  to  the 
cost  of  the  station.  Just  where  this 
point,  as  indicated  by  a  percentage  of 
line  loss,  is  to  be  found  depends  on 
the  factors  of  each  case,  important 
among  which  is  the  length  of  the 
transmission  line. 

This  limit  to  line  loss  depends  on 
the  requirement  for  the  delivery  of  a 
certain  maximum  power  by  a  trans- 
mission line  to  its  receiving  apparatus, 
but  is  independent  of  the  cost  of  pro- 
duction or  the  selling  value  of  the 
transmitted  power.  Much  effort  has 
been  made  to  fix  some  exact  re- 
lation for  maximum  economy  be- 
tween the  first  cost  of  conductors 
for     a     transmission     line     and     the 


amount  of  energy  annually  lost  as 
heat  therein.  The  best  known  state- 
ment applying  to  this  case  is  that  of 
Lord  Kelvin,  made  in  a  paper  read  be- 
fore the  British  Association  in  1881. 
According  to  the  rule  there  laid  down, 
the  most  economical  size  for  the  con- 
ductors of  a  transmission  line  is  that 
for  which  the  annual  interest  on  first 
cost  equals  the  cost  of  the  energy 
annually  wasted  in  them. 

If  transmission  systems  were  de- 
signed for  the  sole  purpose  of  wasting 
energy  in  their  line  conductors,  this 
rule  would  exactly  apply,  for  it  simply 
shows  how  the  cost  of  energy  wasted, 
plus  the  interest  on  the  cost  of  the 
conductor  in  which  it  is  wasted,  may 
be  brought  to  a  minimum.  As  a  mat- 
ter of  fact,  transmission  systems  are 
primarily  intended  to  deliver  energy 
rather  than  to  waste  it,  but  of  the  pro- 
portions of  the  entire  energy  to  be  de- 
livered and  wasted,  which  is  exactly 
what  we  want  to  know,  the  rule  of 
Kelvin  takes  no  account. 

According  to  his  rule,  the  cheaper 
the  cost  of  power  where  it  is  devel- 
oped, the  less  should  be  paid  for  con- 
ductors to  bring  it  to  market.  The 
obvious  truth  is  that  the  less  the  cost 
of  power  development  at  a  particular 
point,  the  more  may  be  invested  in  a 
line  to  bring  it  to  market.  If  power 
cost  nothing  whatever  at  its  source  it 
would  not  be  worth  while  to  build  any 
transmission  line  at  all  if  this  rule  is 
correct. 

A  modification  of  Lord  Kelvin's 
rule  has  been  proposed  by  which  it  is 
said  that  the  interest  on  the  cost  of 
the  conductors  and  the  annual  value 
of  the  energy  lost  in  them  should  be 
equal,  value  here  meaning  what  the 
energy  can  be  sold  for.  This  rule  is, 
if  anything,  worse  than  that  of  Kelvin, 
and  would  make  the  investment  in 
line  conductors  much  too  large. 

In  the  first  place,  the  entire  cost  of 
production  and  transmission  for  the 
delivered  energy  should  not  be 
greater  than  the  cost  of  a  like  amount 
of  energy  developed  at  the  point 
where  the  delivery  is  made.  In  this 
entire  cost  of  production  and  trans- 
mission, interest  on  the  investment  in 
line  conductors  is  only  one  item,  and 
yet  the  rule  last  named  would  make 
the  interest  on  this  investment  equal 
the  entire  amount  for  which  the  power 
saved  by  the  investment  can  be  sold. 

It  is  perhaps  impossible  to  state  any 
exact  rule  for  the  most  economical  re- 
lation between  the  cost  of  conductors 
and  the  loss  of  energy  therein  that  will 
apply  to  every  transmission.  A  max- 
imum limit  to  the  weight  of  conduc- 
tors may,  however,  be  set  for  most 
cases.  This  limit  should  not  allow 
the  annual  interest  and  depreciation 
charges    on    the    investment    in    line 
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conductors  to  raise  the  total  cost  of 
the  transmitted  energy  above  the  cost 
of  development  for  an  equal  amount 
of  energy  at  the  point  where  the  trans- 
mitted energy  is  delivered. 

While  the  maximum  investment  in 
transmission  conductors  may  be  prop- 
erlv  limited  in  the  way  just  stated,  it 
by  no  means  follows  that  this  maxi- 
mum limit  should  be  reached  in  every 
case.  In  the  varying  requirements  of 
actual  cases,  the  problem  may  be  to 
deliver  a  fixed  amount  of  power  at  the 
least  possible  cost,  or  to  deliver  the 
largest  possible  amount  of  power  at  a 
cost  per  unit  just  under  that  of  devel- 
opment at  the  point  of  use.  Fre- 
quently a  transmission  system  has  a 
possible  capacity  in  excess  of  present 
requirements,  and  a  line  that  would 
not  be  too  heavy  for  future  business 
might  put  an  unreasonable  burden  of 
interest  charges  on  present  earnings. 

The  foregoing  considerations  apply 
to  the  design  of  conductors  for  a 
transmission  line  after  the  voltage  at 
which  it  is  to  operate  has  been  decid- 
ed on.  Quite  a  different  set  of  facts 
should  influence  the  selection  of  this 
voltage.  A  transmission  that  would 
be  entirely  impracticable  with  any  per- 
centage of  line  loss  that  might  be 
selected,  if  carried  out  at  some  one 
voltage,  might  represent  a  paying 
business  at  some  higher  voltage  and 
any  one  of  several  sizes  of  line  con- 
ductors. The  power  that  could  be  de- 
livered by  a  line  of  practicable  cost, 
operated  at  one  voltage,  might  be  too 
small  for  the  purpose  in  hand,  while 
the  available  power  at  a  higher  volt- 
age might  be  ample. 

If  any  given  power  is  to  be  trans- 
mitted with  a  fixed  percentage  of 
maximum  loss  in  line  conductors,  the 
weight  of  these  conductors  will  in- 
crease as  the  square  of  their  length, 
and  decrease  as  the  square  of  the  full 
voltage  of  operation  in  every  case. 

Thus,  if  the  length  of  this  transmis- 
sion is  doubled,  the  weight  of  the  con- 
ductors must  be  multiplied  by  4,  the 
voltage  remaining  the  same;  but  if  the 
voltage  is  doubled  and  the  line  length 
remains  unchanged,  the  weight  of 
conductors  must  be  divided  by  4. 
With  the  length  of  line  and  the  volt- 
age of  transmission  either  lowered  or 
raised  together,  the  weight  of  the  con- 
ductors remains  fixed. 

An  illustration  of  this'  last  rule  may 
be  drawn  from  the  case  of  lines  de- 
signed to  transmit  any  given  power  a 
distance  of  10  miles  at  10,000  volts, 
and  a  distance  of  50  miles  at  50,000 
volts,  in  which  the  total  weight  of  con- 
ductors would  be  the  same  for  each 
line  if  the  percentages  of  loss  were 
equal. 

This  statement  of  the  rule  as  to  pro- 
portionate   increase    of    voltage    and 


distance  presents  the  advantages  of 
high  voltages  in  their  most  favorable 
light.  Though  a  uniform  ratio  be- 
tween the  voltage  of  operation  and 
the  length  of  line  allows  a  constant 
weight  of  conductors  to  be  employed 
for  the  transmission  of  a  given  power 
with  unchanging  efficiency  of  conduc- 
tors, yet  other  considerations  soon 
limit  the  advantage  thus  obtained. 

Important  among  these  considera- 
tions may  be  mentioned  the  mechani- 
cal strength  of  line  conductors,  diffi- 
culties of  line  insulation,  losses  be- 
tween conductors  through  the  air, 
limits  of  generator  voltages  and  the 
cost  of  transformers. 

If  the  10-mile  transmission  at  10,000 
volts,  above  mentioned,  requires  a  cir- 
cuit of  two  No.  1/0  copper  wires,  the 
total  weight  of  these  wires  will  be  rep- 
resented by  (5,500  X  10  X  2  X  320) 
-^  1000  =  35,200  pounds,  allowing 
5,500  feet  of  wire  per  mile  of  single 
conductor  to  provide  something  for 
sag  between  poles,  and  320  pounds 
being  the  weight  of  bare  No.  1/0  cop- 
per wire  per  1000  feet. 

When  the  length  of  line  is  raised  to 
50  miles,  the  two-wire  circuit  will  con- 
tain 5,500  x  5°  X  2  =  550,000  feet 
of  single  conductor,  and  since  the 
voltage  is  raised  to  50,000  at  the  same 
time,  the  total  weight  of  conductors 
will  be  35,200  pounds  as  before.  The 
weight  of  single  conductor  per  1000 
feet  is  therefore  only  64  pounds  in  the 
50-mile  line. 

A  No.  7  copper  wire,  B.  &  S.  gauge, 
has  a  weight  of  63  pounds  per  1,000 
feet,  and  is  the  nearest  regular  size  to 
that  required  for  the  50-mile  line  as 
just  found.  It  would  be  poor  policy 
to  string  a  wire  of  this  size  for  a  trans- 
mission line,  because  it  is  so  weak  me- 
chanically that  breaks  would  probably 
be  frequent  in  stormy  weather.  The 
element  of  unreliability  introduced  by 
the  use  of  this  small  wire  on  a  50-mile 
line  would  cost  far  more  in  the  end 
than  a  larger  conductor. 

As  a  rule,  No.  4  B.  &  S.  gauge 
wire  is  the  smallest  that  should  be 
used  on  a  long  transmission  line  in 
order  to  give  fair  mechanical  strength, 
and  this  size  has  just  twice  the  weight 
of  a  No.  7  wire  of  equal  length.  Here, 
then,  is  one  of  the  practical  limits  to 
the  advantages  that  may  be  gained  by 
increasing  the  voltage  with  the  length 
of  line. 

As  line  voltage  goes  up,  the  strain 
on  line  insulation  increases  rapidly, 
and  the  insulators  for  a  circuit  operat- 
ed at  50,000  volts  must  be  larger  and 
of  a  much  more  expensive  character 
than  those  for  a  10,000  volt  circuit. 
In  this  way  a  part  of  the  saving  in 
conductors  effected  by  the  use  of  very 
high  voltages  on  long  lines  is  offset 
by  the  increased  cost  of  insulation. 


Another  disadvantage  that  attends 
the  operation  of  transmission  lines  at 
very  high  voltages  is  the  continuous 
loss  of  energy  by  the  silent  passage  of 
current  through  the  air  between  wires 
of  a  circuit.  This  loss  increases 
at  a  rapid  rate  after  a  pressure  be- 
tween 40,000  and  50,000  volts  is 
reached.  To  keep  losses  of  this  sort 
within  moderate  limits,  and  also  to 
lessen  the  probability  of  arcs  on  a  cir- 
cuit at  very  high  voltage,  the  distance 
of  18  inches  or  2  feet  between  conduc- 
tors that  carry  current  at  10,000  volts 
should  be  increased  to  6  feet  or  more 
on  circuits  that  operate  at  50,000 
volts. 

Such  an  increase  in  the  distance  be- 
tween conductors  makes  the  cost  of 
poles  and  cross-arms  greater,  either 
by  requiring  them  to  be  larger  than 
would  otherwise  be  necessary,  or  by 
limiting  the  number  of  wires  to  two 
or  three  per  pole,  and  thus  increasing 
the  number  of  pole  lines.  These  add- 
ed expenses  form  another  part  of  the 
penalty  that  must  be  paid  for  the  use 
of  very  high  voltages  and  the  attend- 
ant saving  in  the  cost  of  conductors. 

Apparatus  grows  more  expensive 
as  the  voltage  at  which  it  is  to  operate 
increases,  because  of  the  cost  of  in- 
sulating materials  and  the  room  which 
they  take  up,  thereby  adding  to  the 
size  and  weight  of  the  iron  parts. 

Generators  for  alternating  current 
can  be  had  that  develop  as  much  as 
15,000  volts,  but  such  generators  cost 
more  than  others  of  equal  power  that 
operate  at  between  2000  and  3000 
volts.  These  latter  voltages  are  as 
high  as  it  is  usually  thought  desirable 
to  operate  distribution  circuits  and 
service  transformers  in  cities  and 
towns,  so  that  if  more  than  3000  volts 
is  employed  on  the  transmission  line, 
step-down  transformers  are  required 
at  a  sub-station.  For  a  transmission 
of  more  than  10  miles  the  saving  in 
line  conductors  by  operation  at  10,000 
to  12,000  volts  will  usually  more  than 
offset  the  additional  cost  of  generators 
designed  for  this  pressure  and  of  step- 
down  transformers.  If  the  voltage  of 
transmission  is  to  exceed  that  of  dis- 
tribution, it  will  generally  be  found 
desirable  to  carry  the  former  voltage 
up  to  io.oco  or  12,000,  at  least. 

As  the  cost  of  generators  designed 
for  the  voltage  last  named  is  less  than 
that  of  lower  voltage  generators  plus 
transformers,  step-up  transformers 
should  usually  be  omitted  in  systems 
where  these  pressures  are  not  exceed- 
ed. For  alternating  pressures  above 
13,000  to  15,000  volts,  step-up  trans- 
formers must  generally  be  employed. 
In  order  that  the  saving  in  the  weight 
of  line  conductors  may  more  than  off- 
set the  additional  cost  of  transformers 
when  the  voltage  of  transmission  is 
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carried  above  15,000,  this  voltage 
should  be  pushed  on  up  to  as  much  as 
25,000  in  most  cases. 

Power  transmission  with  continu- 
ous current  has  the  advantage  that  the 
cost  of  generators  remains  nearly  the 
same  whatever  the  line  voltage,  and 
that  no  transformers  are  required. 
Such  transmissions  are  common  in 
Europe,  but  have  hardly  a  footing  as 
yet  in  the  United  States.  The  reason 
"for  the  uniform  cost  of  continuous- 
current  generators  is  found  in  the  fact 
that  they  are  connected  in  series  to 
give  the  desired  line  voltage,  and  the 
voltage  of  each  machine  is  kept  under 
3,000  or  4,000.  As  a  partial  offset  to 
the  low  cost  of  the  continuous-current 
generators  and  to  the  absence  of 
transformers,  there  is  the  necessity 
for  motor-generators  in  a  sub-station 
when  current  for  lighting  as  well  as 
power  is  to  be  distributed. 

In  spite  of  the  various  additions  to 
the  cost  of  transmission  systems  made 
necessary  by  the  adoption  of  very 
high  voltages,  these  additions  are 
much  more  than  offset  by  the  saving 
in  the  cost  of  conductors  on  lines  30, 
50  or  100  miles  in  length.  In  fact,  it 
is  only  by  means  of  voltages  ranging 
from  25,000  to  50,000  that  the  great- 
est of  these  distances,  and  others  up  to 
more  than  200  miles,  have  been  suc- 
cessfully covered  by  transmission 
lines.  Above  60,000  volts  there  has 
been  but  slight  practical  experience  in 
the  operation  of  transmission  lines. 


The  Gas  Engine    for  Large    Power 
Stations 

THE  tendency  to  spontaneous 
combustion  of  coal  when 
stored  in  bulk, — in  masses  of, 
say,  a  thousand  tons  or  thereabouts, — 
may  appear  to  be  a  somewhat  unusual 
point  to  make  in  favor  of  the  gas  en- 
gine as  a  large-size  power  unit  for 
central   station  work.      It  was,  how- 


ever, made  as  such  recently,  says 
"Cassier's  Magazine,"  by  a  central 
station  engineer,  whose  contention 
was  that  the  nearly  always  present 
danger  of  spontaneous  ignition  in  the 
large  reserve  stock  of  coal  expedient 
for  a  power  station  of  any  consider- 
able size  to  carry,  to  tide  over  possible 
temporary  interruptions  in  the  supply, 
from  strikes  or  other  causes,  was  en- 
tirely eliminated  by  the  use  of  gas  en- 
gines which  took  their  gas  from  cen- 
tral gas  plants.  Curiously.,  however, 
the  fact  appears  here  to  have  been 
overlooked  that  with  the  large  gas  en- 
gine plant  will  come,  as  an  almost  in- 
separable adjunct,  the  gas  producer, 
taking  the  place  of  the  steam  boiler 


now  accessory  to  the  steam  engine  in- 
stallation, so  that  the  large  coal  pile 
will  remain  in  evidence  as  before,  and 
the  spontaneous  ignition  troubles  as 
well,  even  with  certain  precautions 
against  them,  in  the  way  of  selecting 
and  storing  the  coal.  Experience  in 
some  cases  has  dictated  the  safe 
height  to  which  coal  of  certain  sul- 
phur percentage  may  be  banked,  but 
this  height  will  vary  with  some  other 
governing  conditions  easily  enough 
imagined.  The  gas  engine,  therefore, 
will,  after  all,  have  to  depend  for  fa- 
vorable consideration  upon  its  several 
other  well-known  good  points  rather 
than  upon  the  one  mentioned  in  the 
opening  lines  of  this  paragraph. 


Electric    Motor-Operated    Hoists   and    Derricks 

By    HANFOFLD   C.  JUDSON 


I 


T  is  too  trite  to  say  that  necessity 
is  the  mother  of  invention;  but 
engineers  who  have  tried  to  in- 
troduce new  improvements,  have  had 
the  truth  very  strongly  brought  home 
to  them  that  it  must  be  a  very  great 
necessity  to  be  the  mother  of  progress. 
This  is  true  particularly  in  lines  of 
business  that  do  not  need  technically 
trained  minds  to  conduct  them.  The 
ordinary  contracting  and  building 
trades  were  of  this  kind  till  very  re- 
cently. 

The  writer  remembers,  and  it  does 
not  seem  so  very  long  ago,  when 
nearly  every  building  presented  a  pic- 
ture of  a  long  line  of  laborers  carrying 
hods  and  moving  leisurely  back  and 
forth  between  the  masons  and  the 
mortar  heap  or  brick  pile.  Brick 
buildings  were  erected  in  this  way  in 
the    days    of    the    patriarchs.     Then, 
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complications  with  the  labor  organ- 
izations began  to  harass  the  contrac- 
tor and  boss  builder,  and  so,  when 
steam  hoists  were  offered,  they  were 
quickly  adopted  by  the  more  progres- 
sive firms,  and  the  hod-carriers 
sought  elsewhere  for  work. 

The  steam  hoist  is  in  use  to-day, 
holding  the  field  against  the  electric 
motor  hoists,  even  in  places  where 
electric  current  is  available  and  cheap, 
and  this  in  spite  of  the  fact  that  motor 
makers  and  hoist  makers  have  been 
pleading  the  advantages  of  electricity 
over  steam  in  this  work  for  the  past 
three  or  four  years,  or  since  the  cost 
of  electricity  has  been  low  enough  to 
compare  favorably  with  the  cost  of 
steam.  This  is  due  to  several  causes. 
The  contractor  knew  his  rough-and- 
ready  steam  hoist  to  be  practically  in- 
destructible, while  the  less  known  and 
seemingly  more  delicate  electric  mo- 
tor presented  to  his  mind  the  possibil- 
ity of  frequent  repairs  and  annoying 
care.  Then  the  advantages  to  be 
gained  by  the  electrical  hoist  were  less 
palpable  to  his  mind,  in  the  form  of 
dollars  and  cents,  than  the  greater 
-  cost  of  the  outfit.  Again,  it  does  not 
always  happen  that  the  actual  cost  of 
operating  an  electric  hoist  for  any 
given  time  is  less  than  the  cost  of  run- 
ning a  steam  hoist  for  the  same  time, 
and  this  has  led  some  to  think  that  idle 
claims  have  been  made  for  the  electric 
apparatus.  If,  however,  the  amounts 
of  work  accomplished  by  the  two 
hoists  for  the  same  amounts  of  money 
had  been  compared,  the  case  would, 
undoubtedly,  have  appeared  in  a  dif- 
ferent light. 

Increased     capacity     for     work     is 
an    advantage    of    the    electric    hoist 
which  appeals  strongly  to  contractors  • 
to-dav,    under    present    conditions    of 
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the  labor  market.     As  compared  with 

tile  steam  hoist,  fully  twice  the  work 
can  be  done  with  the  same  attendance 
by  the  electric  outfit.  When  this  in- 
duces firms  to  try  the  hoist,  its  other 
advantages  are  seen  as  well,  and  all  of 
them  have  an  opportunity  of  satisfac- 
torily demonstrating'  themselves. 

There  are  four  types  of  electric  mo- 
tors suitable  for  contractors'  work. 
For  small  hoists  we  have  small  direct- 
current,  enclosed  motors,  or  alternat- 
ing-current motors,  which  run  con- 
tinuously and  which  need  an  excep- 
tionally large  friction  gear  on  the 
hoist.  For  heavier  work,  continuous- 
ly running  alternating-current  mo- 
tors, or  variable-speed  direct-current 
motors  may  be  used;  but  the  custom-- 
ary  practice  is  to  employ  the  railway 
type  of  motor. 

In  the  matter  of  initial  cost  of  the 
hoists,  the  steam  hoist  has  the  ad- 
vantage; but  wherever  it  is  adopted, 
the  usual  contractor's  steam  plant 
must  be  set  up.  This  requires  licensed 
attendance,  in  cold  weather  both  day 
and  night,  for  Whether  the  plant  is  in 
operation  or  not,  fires  must  be  kept 
up  and  steam  passing  through  the 
pip<es  to  keep  the  drips  from  freezing. 
The  electric  motor,  on  the  other  hand, 
may  be  covered  with  a  tarpaulin  and 
thus  left  until  required  for  service,  and 
this  in  any  kind  of  weather.  The  steam 
hoist  is  also  invariably  accompanied  by 
a  coal  heap  and  an  ash  heap  and  an 
ever-present  fire  danger.  Then,  where 
marble  or  light-colored  brick  or  stone 
is  being  used  in  the  construction  of  a 
building,  the  smoke  and  soot  are  apt 
to  increase  the  cleaning  expense  con- 
siderably. 

The  electric  motor,  without  atten- 
dant danger  from  fire,  may  be  brought 
inside  and  protected  by  a  light  shed, 
where  it  will  neither  obstruct  the 
street  nor  be  in  the  way  of  the  build- 
ers. It  may  even  be  attached  to  the 
derrick  itself  and  readily  moved  about 
a  foundation  excavation;  or  it  may  be 
lifted  from  floor  to  floor  as  the  build- 
ing progresses.  It  is  noiseless,  and  so 
may  be  used  in  residence  sections  at 
night  when  a  steam  hoist  might  not 
be  tolerated.  It  is  not  a  delicate 
mechanism,  but  is  built  for  and  will 
stand  any  reasonably  hard  usage,  and 
can  be  cared  for  and  run  by  anv  one 
who  has  brains  enough  to  come  regu- 
larly to  work. 

As  an  illustration  that  the  applica- 
tion of  electric  motors  to  this  work  is 
by  no  means  new,  an  illustration  is 
given  on  this  page  of  a  hoist  built 
nearly  fifteen  years  ago  by  the  earlv 
Thomson-Houston  Company.  The 
various  motions  of  hoisting,  topping 
the  boom  and  swinging  the  derrick 
were  adequately  taken  care  of,  and  the 
hoist,  even  with  its  high-speed  bipolar 


AN    EARLY    TYPE    OF    THOMSON-HOUSTON    ELECTRIC    HOIST 


motor,  was  successful  and  is  in  opera- 
tion to-day.  A  more  modern  appli- 
cation, however,  of  electricity,  to  this 
kind  of  work  is  shown  at  the  new 
Public  Library  at  New  York,  where 
eleven  Lidgerwood  triple-friction- 
drum  hoists,  driven  by  General  Elec- 
tric direct-current  railway  motors  are 
in  use.  Each  of  these,  with  its  con- 
trolling mechanism,  is  housed  in  a 
light  shed  inside  the  foundations.  At 
a  bell  signal,  the  operator  either  lifts 


or  lowers  the  fall,  or  the  boom,  or 
swings  the  derrick  to  the  right  or  left. 
This  last  operation  is  performed  by 
the  third  drum,  from  which  a  line  is 
led  around  a  grooved  iron  wdieel  or 
drum,  fastened  at  the  base  of  the  up- 
right to  turn  with  it.  The  Lidger- 
wood Company  has  also  arranged  to 
control  their  hoists  from  a  distance  by 
levers,  so  that  the  operator  can  see  the 
work  himself. 

One  of  New  York's  large  building 
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contractors  while  lately  excavating 
for  a  large  building  foundation,  used 
a  derrick  driven  by  a  Maine  Electric 
Co.  motor  (see  page  140)  of  the  rail- 
way type,  mounted  on  the  upright 
about  6  feet  from  the  ground.  This 
has  two  friction-drums  and,  by  means 
of  bevel  gearing,  actuates  a  light  steel 
shaft  with  a  pinion  at  the  lower  end 
which  engages  an  internal  gear  to 
swing  the  derrick  about  at  will.  This 
whole  outfit  is  light  and  strong,  and 
has  great  flexibility  and  quickness  of 
operation.  The  driver,  mounted  on 
the  upright  with  the  hoist,  always 
faces  the  work.  This  same  kind  of 
hoist  is  being  used  on  one  of  the  sec- 
tions of  the  New  York  Rapid  Transit 
subway.  Another  section  of  the  sub- 
way is  soon  to  be  provided  with  a 
hoist  similar  to  those  used  at  the  new 
Public  Library  building,  previously 
mentioned. 

A  lately  devised  scheme  for  employ- 
ing electric  motors  in  sewer  or  trench 
excavation  provides  for  a  combina- 
tion of  a  traction  motor  and  a  hoist 
motor,  traveling  on  a  rail  supported 
by  wooden  bents  erected  about  twenty 
feet  apart,  as  shown  in  the  illustration 
on  page  .  As  the  work  progresses, 
these  may  be  continuously  conveyed 
to  the  front  by  the  traction  motor. 
The  telpher,  or  traction  motor,  sup- 
ports the  hoists  by  means  of  an  arm, 
which  clears  the  rail  and  is  bent  be- 
neath it,  giving  perfect  balance  to  the 
system.  It  is  fed  by  two  trolley  wires 
and  a  cable  return,  and  has  no  pen- 
dent cord  or  arm  to  be  tripped  and 
may  be  electrically  controlled  at  one 
or  at  anv  number  of  convenient 
points.     First  the  bucket   is  lowered 


into  the  trench;  on  being  filled,  it  is 
lifted  again,  high  enough  to  clear  all 
ground  obstructions  and  carried  to 
carts,  or  it  is  dumped  where  its  load 
may  be  useful  for  filling. 

A  telpher  arrangement  has  also 
been  devised  for  grading,  as  in  rail- 
way work.  An  illustration  of  this  is 
given  on  page  139.  The  scoop  is  low- 
ered to  the  desired  place  and  the  tel- 
pher is  moved  forward  far  enough  to 
give  the  hoist  a  working  length  of 
rope.  The  hoist,  being  started  slow- 
ly, pufs  a  strain  on  the  rope,  the 
telpher  is  kept  from  being  drawn  back 
along  the  rail  by  a  steel  strut,  placed 
on  the  hoist  arm,  just  under  the  rail, 
in  such  a  way  that  when  the  arm 
swings  even  a  little,  due  to  the  pull  of 
the  hoist,  one  of  its  legs  engages  the 
rail  an 


the  scoop  is  filled  it  is  lifted,  carried 
away,  dumped  and  brought  back 
empty  by  the  same  controlling  ap- 
paratus. 


the 

that 

tant 


Tra.de  Catalogues  for  Foreign  Cir- 
culation 

ONE  of  the  favorite  reasons  ad- 
vanced in  behalf  of  the  adop- 
tion of  the  metric  system  by 
United  States  has  always  been 
the  system  would  be  an  impor- 
factor  in  the  development  of 
American  export  trade.  As  to  this, 
Laurence  V.  Benet,  artillery  officer 
for  Hotchkiss  &  Cie.,  of  Paris,  who 
have  a  large  number  of  American  ma- 
chine tools  in  their  factory,  has 
said: — 

"If  American  manufacturers  wish 
to  facilitate  their  export  trade  there 
are  several  things  that  they  should  at- 
tend to  before  upsetting  existing 
standards  of  weights  and  measures. 
Of  these  the  most  important  is  the 
cjuestion  of  trade  catalogues  and  price 
lists. 

"American  manufacturers  get  out 
the  finest  catalogues  in  the  world, 
but  they  are  all  in  the  English  "'lan- 
guage, and  the  dimensions  and  ship- 
ping weights  are  given  in  English 
measurements  only.  The  example  of 
German  firms  should  be  followed,  and 
for  the  export  trade  all  literature 
should  be  issued  in  English,  French, 
and  German,  and  for  South  America 
in  Spanish.  Dimensions  and  ship- 
ping weights  should  be  given 
in  English  and  in  metric  meas- 
urements, and  all  instructions 
the  setting  up  and 
of  machines  should 
be  given  in  the  language  of 
the  countrv  concerned." 
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Electricity   in   a  Modern   Newspaper 
Building 

THE  new  building  of  the  New 
York  "Times,"  when  com- 
pleted, will,  it  is  claimed,  con- 
tain apparatus  combining  a  greater 
number  and  a  greater  variety  of  uses 
for  electricity  than  any  other  existing 
structure. 

Steam,  as  the  "Times"  tells  in  a  re- 
cent account  of  the  installation,   will 


was  a  considerable  item,  but  the  esti- 
mated cost  of  maintenance  assumed 
greater  importance  than  that  of  the 
cost  of  installation. 

Reports  obtained  from  the  opera- 
tion of  various  office  buildings  led  to 
the  decision  that  the  Edison  Central 
Station  service  was  preferable,  and 
the  reasons  for  this  conclusion  were 
embodied  in  the  following  report:— 

I.  There  would  be  a  material  sav- 
ing first  cost. 


ELECTRIC  MOTOR-OPERATED  HOISTS  AND  DERRICKS.  A  25~H.  P.  RAILWAY-TYPE  DIRECT- 
CURRENT  MOTOR  DIRECTLY  CONNECTED  THROUGH  ENCLOSED  GEARS  RUNNING  IN  AN  OIL 
BATH,  TO  A  SINGLE  DRUM  OPERATED  BY  A  FRICTION  AND  CONTROLLED  BY  A  FOOT  BRAKE,  THE 
WHOLE  MOUNTED  ON  WHEELS  TO  PERMIT  READY  MOVING  FROM  POINT  TO  POINT.  SUITABLE  FOR 
WAREHOUSES  AND  WHARF  WORK.      MADE  BY  THE  C.   W.    HUNT  COMPANY,   NEW  YORK 

be  an  unknown  quantity  in  the  build- 
ing for  the  greater  part  of  the  year,  as 
it  will  be  used  only  for  heating  pur- 
purposes,  and  at  a  pressure  of  less 
than  5  pounds.  The  dust  brush  and 
the  traditional  broom  of  the  office 
sweeper  will  be  banished.  New  ideas 
— new  methods  will  prevail.  These 
unique  features  are  incidents  that 
were  evolved  in  the  solution  of  a  diffi- 
cult problem. 

The  big  presses  in  the  second  sub- 
basement  of  the  building  rest  on  foun- 
dations 55  feet  below  the  curb  line  of 
the  street.  In  this  deep  pit  it  was 
proposed  to  locate  a  steam  plant  and 
elaborate  devices  for  removing  or 
cooling  heated  air  that  would  neces- 
sarily be  generated  in  the  subterra- 
nean workroom.  Then  it  was  sug- 
gested to  the  management  that  the 
simplest,  easiest,  and  most  obvious 
way  out  was  to  avoid  heating  the  air 
of  the  pressroom.  The  suggestion 
thus  made  raised  that  issue  which 
every  builder  must  determine  for 
himself — the  relative  merits  of  an  iso- 
lated plant  or  of  outside  electrical 
connection. 

The  cost  of  high-pressure  steam  in- 
stallation, with  the  equipment  for  pro- 
ducing electricity  for  light  and  power 


AN  ELECTRIC  HOIST  SUSPENDED  FROM  A 
TELPHER.  MADE  BY  THE  UNITED  TELPHERAGE 
COMPANY,    NEW    YORK 

2.  There  would  be  a  saving  in  an- 
nual cost  of  operation. 

3.  Valuable  space  in  the  sub-base- 
ment would  be  saved  and  utilized  for 
other  purposes. 

4.  For  six  months  in  the  year  there 
would  be  no  fires  in  the  basement, 
thereby  avoiding  that  unbearable  heat 


THE  TELPHER  IN   SEWER  OR  TRENCH   EXCAVATION 


EXCAVATING  AND  LEVELING  IN  PREPARING  ROADBEDS  FOR  RAILROADS.  THE  FUNCTION  OF 
THE  TELPHER  IS  TO  TRANSPORT  THE  HOIST,  BUCKET  AND  LOAD.  THE  HOIST  DOES  THE  EXCAVAT- 
ING AND  ELEVATING.  THE  HOIST  AUTOMATICALLY  BRAKES  ITSELF  EITHER  UPON  THE  GIRDER  RAIL 
OR  GRIPS  THE  CABLE  AS  SOON  AS  THERE  IS  ANY  LONGITUDINAL  STRAIN.  USED  ALSO  FOR  SCOOPING 
AND   TRANSPORTING    EARTH,    SAND,    ASHES    OR    COAL 
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which  attends  a  high-pressure  steam 
system  in  the  summer  months,  and  to 
remove  which  the  owner  would  ordi- 
narily make  a  large  annual  outlay. 

5.  The  pressroom  plant  should 
give  better  service  at  lower  tempera- 
ture. 

6.  The  nuisances  of  receiving  and 
storing  coal  and  of  taking  out  ashes 
would  be  avoided. 

7.  The  bothers  incident  to  the  fluc- 
tuations in  coal  prices  would  be 
avoided. 

8.  The  responsibilities  that  attend 
a  steam  plant  in  the  employment  of 
an  operating  force  would  be  avoided. 

9.  The  Edison  service  would  give 
the  insurance  of  independent  connec- 
tions with  three  Edison  stations. 

10.  Vibration  would  be  diminished. 

11.  There  is  no  advantage  to  a 
building  in  the  direct  control  of  the 
production  of  steam. 

12.  In  a  period  of  ten  years  there 
has  not  been  any  general  interruption 
of  New  York  Edison  service  from  any 
cause. 

13.  Many  office  buildings  have  re- 
lied for  years  and  without  embarrass- 
ment upon  central  station  service  for 
power  and  light.  The  "Times"  has 
for  some  time  past  relied  upon  cen- 
tral station  service  for  its  power  sup- 
ply. 

14.  An  experience  in  the  summer 
of  1902,  when  the  isolated  plant  broke 
down,  emphasized  the  necessity  for  a 
"break-down"  connection  in  a  build- 
ing" which  operates  its  own  steam 
plant,  and  the  cost  of  this  connection 
must  be  reckoned  as  a  part  of  the  cost 
of  maintenance. 

15.  All  the  requirements  of  a  news- 
paper and  of  an  office  building,  ex- 
cept those  for  heating  in  winter,  can 
be  met  by  electricity,  and  heat  may  be 
bought;  anyhow,  the  cost  of  produc- 
ing it  on  the  premises  is  less  than  the 
difference  between  the  annual  cost  of 
an  isolated  plant  and  the  cost  of  Cen- 
tral Station  service. 

16.  In  a  building  containing  rent- 
able offices  and  a  morning  newspaper 
plant  the  electrical  and  steam  instal- 
lation must  operate  twenty-four 
hours,  thereby  reducing  the  life  of  the 
machinery  and  increasing  the  cost  of 
annual  depreciation. 

17.  The  "Times"  Building  will 
have  two  peaks  in  its  load  diagram, 
one  between  5  and  6  p.  m.,  due  to  the 
lighting  of  the  offices  at  that  time,  and 
the  second  peak  of  three  hours  in  the 
early  morning,  due  to  the  operation 
of  the  presses, — four  hours  in  all. 
There  would  be  no  uniform  load  upon 
the  plant.  As  a  general  proposition 
peaks  and  a  lack  of  uniformity  in  load 
are  not  economical. 

The  reasons  here  given  induced  the 
"Times"   to   contract   with   the   New 


York  Edison  Company  for  a  six-year 
service,  upon  the  stipulation  that 
there  would  be  independent  connec- 
tions with  three  supply  stations  of  the 
Edison  Company. 

This  outside  electrical  supply  will 
furnish  power  for  109  motors,  rated  at 
900  horse-power,  light  for  4,000  in- 


1  electric  proof  press. 

8  Kohler   safety   devices   for   con- 
trolling press  movements. 

2  autoplates,     turning     out     eight 
stereo  plates  per  minute. 

38  linotypes. 

3  house  pumps. 

3  sewake  pumps. 


ELECTRIC  MOTOR-OPERATED  HOISTS  AND  DERRICKS.  SEE  PAGE  I38.  HOISTING  CARTLOADS. 
IN  BULK  FROM  A  BUILDING  EXCAVATION,  WITH  AN  ELECTRIC  HOIST,  'INSTALLED  BY  THE  MAINE 
ELECTRIC  COMPANY,    PORTLAND,    MAINE 


candescent  lamps,  15  arc  lights,  one 
searchlight,  signs,  bulletins,  Cooper 
Hewitt  lamps,  and  for  many  novelties, 
aggregating  the  use  of  current 
amounting  to  more  than  400,000-kw. 
hours  per  annum. 

The  uses  to  which  electricity  will  be 
put   for  newspaper  purposes  and  for 
the  needs  of  tenants  may  be  enume- 
rated as  follows: — 
i  1  I  motors — 

4  Hoe  octuple  presses. 
1  job  press. 


1  air  compression  pump,  for  pneu- 
matic tubes. 

1  vacuum  pump  for  cleaning  car- 
pets and  offices. 

1  ink  pump. 

1  paper  conveyor,  for  carrying 
printed  papers  from  presses  to 
delivery  room. 

7  elevators,  passenger  and  lift. 

4  Leonard   system   of   control   for 

elevators. 
1  gallery  lift. 

8  trolley  hoists  for  paper  rolls. 
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8  fans  for  metal  pots  and  for  ven- 
pressroom. 


tilating 


gymnasium. 


i  machine  shop  lathe. 

i  shop  planer. 

i  stereo  molding  machine. 

I  tail  cutter,  round. 

I  shaver,  round. 

i      "       router. 

I  shaver,  flat. 

I  trimmer,  flat. 

l      "       saw. 

I  jig  and  drill  machine. 

3  refrigeration  machines. 
light — 

4,000  incandescent  lamps. 
15  arc  lamps. 
Cooper  Hewitt  lamps. 
Searchlight. 
Signs. 

Bulletin  service. 
Elevator  flash. 
Cigar  lighters. 
Carriage  call. 
heat — ■ 

Stereo  matrix. 

Restaurant,  including  plate  warm- 
ers, coffee  urns,  tea  kettles,  egg 
boilers,     griddles,     self-dumping 
oyster  cooker  for  stews,  toasters. 
Stereo  pastepot. 
Soldering  irons. 
Hair  curler  for  ladies'  toilet. 
Heating  pads. 
Heating  tailors'  irons. 

DENTAL 

Mallet. 

Gold  annealer. 

Sterilizer. 

Dental  engine. 

Mouth  lamp. 

Porcelain  baking  furnace. 

Reflector  for  working  on  dark  days. 

X-Ray  apparatus. 

Cautery. 

MISCELLANEOUS 

Time  clock  connection. 

Fire  alarm 

Telegraph 

Telephone 

Messenger  call     " 

Office  call 

Electrical  novelties  will  be  found  in 
unlooked-for  places.  The  presses  will 
be  equipped  with  the  Kohler  system 
of  control,  which  permits  of  a  move- 
ment delicate  enough  to  turn  the 
printing  cylinder  one-eighth  of  an 
inch  per  second,  or  at  a  speed  of  four 
revolutions  per  second.  The  auto- 
matic control  and  stoppage  of  ma- 
chinery extends  through  the  presses, 
autoplates,  house  pumps,  sewage 
pumps,  air  vacuum  pumps,  and  the 
air  compression  pumps,  in  order  that 
current  may  not  be  wasted. 

The  plaza  north  of  the  "Times" 
Building  extends  for  a  distance  of 
1,000  feet.  The  suggestion  has  been 
made  for  the  erection  of  an  immense 
sign  above  the  sixteenth  floor  which 
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shall  give  carriage  calls  for  the  seven- 
teen theatres  in  that  vicinity  to  car- 
riages waiting  in  this  large  area.  Eor 
instance,  the  number  6  2  3  M  would 
be  a  call  from  the  Metropolitan  Opera 
House;  5  4  2  E  would  summon  a  car- 
riage to  the  Empire ;  4  2  7  B  would 
mean  the  Belasco  Theatre,  and  818 
N  would  give  notice  from  the  New 
Amsterdam.  In  this  way  carriages 
for  all  theatres  would  have  an  ample 
space,  the  plaza  would  become  the 
real  center  of  midnight  activity,  and 
would  reduce  the  inconvenience  now 
caused  by  blocks  and  delays  such  as 
occur  on  opera  nights. 

The  barber  shop  promises  innova- 
tions that  are  sanitary  and  satisfying. 
Some  of  the  latest  shops  have  appli- 
ances for  using  what  is  practically  a 
blowpipe  on  the  hair,  scattering  fine 
particles  into  the  surrounding  air  and 
giving  provocation  for  a  cold  in  the 
head.  The  vacuum  system  complete- 
ly reverses  that  idea,  providing  treat- 
ment that  is  most  pleasing  and  decid- 
edly sanitary.  Instead  of  whisks  for 
clothing,  hats,  and  shoes,  the  suction 
arrangement  promptly  and  effectively 
removes  all  dust  from  clothing  and 
sends  it,  with  all  the  dust  from  the 
building,  into  a  receptacle  that  will  be 
collected  once  a  day.  The  woman 
who  scrubs  the  floors  will  abandon 
mops  and  will  remove  all  the  soapy  or 
rinsing  water  by  the  suction  of  a  pipe 
which  has  an  opening  8  inches  long 
and  1-16-inch  in  width. 

Apart  from  the  dust  and  noise  and 
annoyance  of  present  methods,  there 
is  a  material  saving  to  carpets  and  fur- 
nishings, all  of  which  are  aerated  as 
well  as  cleaned.  The  particles  of  dust 
and  disease  germs  that  would  other- 
wise float  and  fill  the  air  disappear  in 
the  tube,  and  the  service  which  has 
hygienic  as  well  as  commercial  value 
is  rendered. 

The  newspaper  equipment — lino- 
types, presses,  type  cases,  desks  and 
furniture  will  be  dusted  and  cleaned 
by  this  system,  which  will  do  away 
with  brooms,  brushes,  pails  and  dirty 
water. 

The  electrical  restaurant  will  in- 
clude an  outfit  for  cooking  a  full- 
course  dinner;  a  patent  range  will 
broil  a  lobster  in  twelve  minutes, 
lamb  chops  in  three,  and  squabs  in 
four  minutes. 

The  hair  curlers  for  the  ladies' 
toilets  and  the  contrivances  for  the 
gymnasium,  restaurant,  barber  shop, 
dentist,  tailor,  and  the  photographic 
supply  shop  in  the  arcade,  will  have 
electrical  novelties  that  will  strike  the 
fancy,  but  the  equipment  for  the 
newspaper  plant  in  the  basement  and 
for  the  offices  above  will  make  the 
"Times"  Building  especially  interest- 
ing to  those  who  are  concerned  with 


the  larger  application  of  electricity  to 
commercial  uses. 


Water  Power  Development. 

IN  a  paper  read  before  the  Frank- 
fort (Germany)  Congress  of  Ger- 
man Naturalists  and  Doctors, 
Dr.  A.  Gradenwitz  gave  an  estimate 
of  the  water  powers  developed  in  sev- 
eral European  countries  and  in  the 
United  States. 

His  figures  are  as  follows: — Ger- 
many and  Austria,  180,000  horse- 
power; Switzerland,  160,000  horse- 
power; Sweden,  200,000  horse-power; 
the  United  States,  400,000  horse-pow- 
er. Fie  estimates  the  total  power 
available  in  a  number  of  countries  to 
be: — Sweden,  2,000,000  horse-power; 
France,  10,000,000  horse-power;  Ger- 
many, Austria,  Switzerland  and  Italy, 
combined,  10,000,000  horse-power; 
while  in  the  United  States,  the  Niag- 
ara Falls  alone  could  furnish  10,000,- 
000  horse-power. 


Electric  Tramways  in  Sweden. 

Stockholm's  electric  tramways  now 
in  construction  are  to  be  ready  for  use 
early  this  year.  The  tenders  accepted 
for  the  new  lines  were  made  by  Swed- 
ish and  German  contractors  in  com- 
bination. The  American  bidders  were 
unsuccessful  in  securing  the  con- 
tracts. The  amount  to  be  expended 
in  this  work  is  about  3,000,000  kronor 
($795>ooo).  Several  other  cities  in 
Sweden — Gefle,  Malmo,  Norrkoping, 
Sundsvall,  and  others — are  contem- 
plating exchanging  their  street  rail- 
way lines  from  horse  power  to  electric 
power. 


The  electrification  of  the  Lancaster 
&  Yorkshire  Railway  between  Liver- 
pool and  Southport,  England,  com- 
prising 23  miles  of  double  line,  is 
nearly  completed.  The  power  is  car- 
ried through  a  third  rail  supported  on 
insulators,  with  gaps  at  level  crossings 
provided  for  safety,  the  third  rail  be- 
ing bonded  with  cable  underground. 
The  trains  are  composed  of  two  first- 
class  and  two  third-class  cars,  60  feet 
long  and  10  feet  wide,  and  having  cen- 
ter passages. 


The  Western  Union  Telegraph 
Company  now  collects  and  distributes 
messages  for  the  marine  service  of  the 
Marconi  Wireless  Telegraph  Com- 
pany of  America.  The  Postal  Tele- 
graph and  Marconi  systems  have  for 
some  time  past  been  working  under 
a  similar  arrangement. 


Electric    Ovens 


Backing  with  Nis^-ge^rec  Power 


By   FRANK   C.  PERKINS 


ELECTRICITY  generated  at  Ni- 
agara Falls  is  now  used  exten- 
sively in  baking  what  is  known 
as  "Triscuit"  in  the  large  cereal  food 
plant  of  the  Natural  Food  Company 
at  that  place.  The  electric  ovens  em- 
ployed are  shown  in  Fig.  I  of  the  ac- 
companying illustrations.  Four  ovens 
are  in  use  at  the  present  time 
and  two  transformers  are  used  for 
supplying    them    with    the    necessary 


current.  These  transformers  are  lo- 
cated on  a  platform  above  the  ovens, 
together  with  a  switch  and  voltage 
regulator.  The  latter  permits  a  vari- 
ation of  80  to  127  volts  on  the  sec- 
ondaries and  a  corresponding  varia- 
tion of  temperature  of  the  ovens.  The 
transformers  are  of  the  oil-cooled 
type  built  by  the  Westinghouse  Elec- 
tric &  Manufacturing  Company,  and 
each  has  a  capacity  of  140  kw. 


The  electric  kitchen  of  the  Natural 
Food  Company's  plant  is  equipped 
with  the  latest  cooking  apparatus  and 
is  used  for  preparing  numerous  dishes 
with  the  output  of  this  plant.  In  the 
balcony  which  surrounds  the  main 
floor,  there  is  a  miniature  electric  rail- 
way, fully  equipped  with  trains,  sta- 
tions, guards  and  electric  switches, 
for  serving  visitors,  who  may  be 
seated    about    the    balcony,    at    small 


FIG.    I. — ELECTRIC  OVENS    USED  IN    BAKING    "TRISCUIT"   IN   THE   KITCHEN  OF  THE  NATURAL  FOOD   COMPANY,   AT  NIAGARA  FALLS.       THE  TWO 
TRANSFORMERS    SUPPLYING    CURRENT   TO   THE    OVENS    ARE    ON    AN    OVERHEAD    PLATFORM,    TOGETHER    WITH    SWITCH    AND    VOLTAGE   REGULATOR. 
FOUR  OVENS  ARE  INSTALLED  AT  PRESENT 
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white  tables,  on  which  are  located 
small  electric  cars  forming  the  trays. 
A  menu  card  is  provided  at  a  small 
desk  in  front  of  the  guest,  and  when 
the  order  is  written  out  and  placed  on 
the  electric  car,  the  pushing  of  an 
electric  button  signals  to  the  switch- 
board attendant  in  the  electric 
kitchen.  The  tiny  car  automatically 
travels  to  the  kitchen  on  the  main 
track,  is  supplied  with  the  necessary 
order,  and  returns  automatically  to  the 
station  from  which  it  started,  with  the 
luncheon  attractively  served,  the  car 
itself  serving  as  a  neat  tray  or  table 
for  the  use  of  the  visitor. 

The  electric  cooking  equipment  is 
very  complete.  The  apparatus  in- 
cludes chafing  dishes,  coffee  and  tea 
pots,  and  other  utensils  used  for  elec- 
tric cooking  demonstrations.  The 
appliances  are  wired  non-inductively 
and  are  indended  to  be  used  on  a  110- 
volt  current  having  a  frequency  of  25 
cycles  per  second. 

Fig.  3  shows  a  transformer  room 
equipped  with  a  150  kw.  Westing- 
house  rotary  converter  with  switch- 
board and  transformers  in  the  back- 
the     power     and 


ground, 


lighting 


FIG.   3. A   VIEW   IN  THE  TRANSFORMER  ROOM 

boards  being  shown  at  the  right.  Fig. 
2  shows  two  40  horse-power  Westing- 
house  induction  motors  driving  two 
gang  machines  through  Renold 
chains.  Each  machine  consists  of  a 
series  of  thirty-six  pairs  of  rolls  which 
revolve  towards  one  another.  Wheat 
is  fed  into  the  hoppers  above  the  rolls 
and,  passing  between  them,  is  shred- 
ded and  deposited  on  an  endless  chain 
running  beneath  the  rolls. 

Fig.  4  shows  the  terminal  board 
located  in  the  transformer  room,  pro- 
vided with  a  circuit-breaker  attach- 
ment designed  to  open  the  circuit- 
breakers  in  case  the  power  goes  off. 
It  consists  of  a  magnet  in  each  phase 
and  in  series  with  a  lamp.  The  two 
magnets  hold  a  weight  which  in 
turn  is  attached  to  the  tripping-lever 
of  the  circuit-breaker.  A  failure  of 
the  power  on  either  phase  allows  the 
weight  to  drop  and  open  the  circuit- 
breakers. 

There  are  six  transformers ;  two  of 
75  kw.  each,  transform  the  potential 
from  2,200  to  no,  and  are  used  in 
lighting  part  of  the  factory;  two  of 
150  kw.  each  transform  from  2,200  to 
440  volts  and  supply  the  motors  in 


one  half  of  the  factory,  while  the  two 
remaining  transformers  furnish  cur- 
rent for  a  Westinghouse  150  kw.  ro- 
tary converter.  The  latter  furnishes 
a  220-volt  direct-current  for  four  Otis 
elevators  and  several  ventilating  fans. 

The  power  and  light  switchboard  in 
the  transformer  room  was  furnished 
by  the  Crouse-Hinds  Company,  of 
Syracuse,  N.  Y.,  and  consists  of  nine 
panels.  Two  of  these  contain  switches 
for  cutting  out  the  transformers. 
These  panels  also  contain  ammeters 
and  voltmeters  for  each  transformer. 
Three  panels  contain  440-volt 
switches,  and  four  contain  1 10-volt 
switches.  There  is  a  second  trans- 
former room, — a  duplicate  of  the  one 
here  mentioned,  excepting  as  to  the 
rotary  converter,  which  is  replaced  by 
a  12  kw.  motor-generator  set. 

On  the  third  floor  of  the  factory  are 
located  the  six  electrical  baking 
ovens.  These  operate  at  about  100 
volts,  each  oven  being  supplied  by 
two  140  kw.  transformers,  one  trans- 
former being  placed  on  each  phase. 

Power  for  operating  the  plant  is 
obtained  from  the  Niagara  Falls  Pow- 
er   Company,    who    furnish    a    two- 
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phase,  25-cycle,  2,200-volt,  alternat- 
ing" current.  The  factory  is  located 
about  three-quarters  of  a  mile  from 
the  power  house.  The  power  is  trans- 
mitted for  a  little  over  one-half  of  the 
distance  on  a  pole  line,  the  remainder 
of  the  transmission  line  being  cables 
laid  in  conduit.  At  each  end  of  the 
pole  line  the  wires  pass  through  « 
brick  lightning-arrester  house. 

The  factory  is  divided  electrically 
into  halves,  each  being  supplied  by  its 
individual  transformer  room.  The 
transmission  line  enters  the  east 
transformer  room  and  passes  to  a 
switchboard  panel  containing  main 
line  switches,  Westinghouse  single- 
phase  integrating  wattmeters,  and 
circuit-breakers.  After  leaving  this 
panel  the  current  supplies  four  sets  of 
cables.  Two  sets,  after  passing 
through  Westinghouse  oil  circuit- 
breakers,  lead  to  transformers  located 
on  the  third  floor  of  the  factory. 
These  cables  are  of  300,000  cm.  cop- 
per with  a  7-32-inch  lead  sheath.  Of 
the  remaining  sets  of  cables,  one  sup- 
plies the  east  transformer  room  and 
the  other  goes  direct  to  the  west 
transformer  room. 

All  cables  leaving  the  transformer 
rooms  are  lead-covered  and  pass 
through  a  conduit  system  until  they 
reach  wire  shafts,  in  which  they  rise 
to  their  respective  floors  and  termin- 
ate in  a  distribution  panel.  There  are 
four  such  shafts,  permitting  a  division 
of  each  floor  into  four  sections. 

The  equipment  includes  85  West- 
inghouse induction  motors  operating 
on  a  440-volt  current.  These  motors 
vary  in  size  from  1  to  40  horse-power. 
All  the  transformers  are  of  the  oil- 
cooled  Westinghouse  type. 

The  building  is  lighted  by  2,500 
Sawyer-Mann  incandescent  lamps, 
operating  on  the  no-volt,  25-cycle 
current,  from  the  two  transformer 
rooms. 


Operating    Electric    Conduit    Rail- 
ways in  Flooded  Streets 

IN  connection  with  the  recently  pub- 
lished statement  that  the  opera- 
tion of  a  sub-surface  electric  con- 
duit railway  in  one  of  New  York's 
water  front  streets  would  be  impracti- 
cable because  of  frequent  flooding  of 
that  street  by  high  tides,  it  may  be  in- 
teresting to  recall  that  several  years 
ago  it  was  repeatedly  mentioned  as  a 
noteworthy  circumstance  that  in  the 
operation  of  the  electric  third-rail 
system  on  the  Nantasket  Beach  Rail- 
way, in  Connecticut,  no  difficulties  in 
running  trains  had  come  from  fre- 
quent flooding  of  the  tracks,  even 
though  water,  under  usual  conditions, 
is  a  fairly  good  conductor  of  electri- 


city, and  short-circuiting,  one  might 
suppose,  ought  to  have  resulted 
promptly  when  the  tracks  of  that  rail- 
way were  submerged.  In  the  city  of 
Washington,  too,  the  electric  conduit 
line  service  on  several  occasions  of 
flood  was  maintained  without  serious 
interruption. 

That  short-circuiting  with  sub- 
merged conductor  rails  does  not 
necessarily  occur  was  demonstrated 
many  years  ago,  in  the  earliest  days 
of  electric  railroading,  when  Mr.  Leo 
Daft  ran  his  historical  little  line  at 
Greeneville,  N.  J.  Mr.  Daft  had 
there  laid  down  a  short  section  of 
track,  probably  not  more  than  an 
eighth  of  a  mile  long  as  it  is  now  re- 
membered, and  ran  back  and  forth  on 


it  a  small  motor  car,  purely  for  ex- 
perimental purposes.  At  one  point  on 
the  line  there  was  a  heavy  depression, 
arranged  intentionally,  and  the  rails 
there  were  completely  submerged; 
but  notwithstanding  this  the  little  lo- 
comotive would  spin  along  with  un- 
diminished energy,  showing,  as  Mr. 
I  )aft  intended,  that  the  water  over  the 
rails  had  no  injurious  effect  on  the 
proper  working  of  the  line.  In  this 
instance,  as  in  the  case  of  the  modern 
Nantasket  Beach  road,  the  simple  ex- 
planation of  an  apparent  impossibility 
was  that  while  the  water  was  a  con- 
ductor, the  rails  were  much  better 
conductors  and  the  electric  current 
preferably  followed  them  as  being  the 
lines  of  least  resistance. 


FIG.    4. THE   TERMINAL   BOARD    IN    THE    TRANSFORMER   ROOM 
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Da.ily  Newspaper  Science 

OUT  of  the  number  of  clever  peo- 
ple on  the  staff  of  a  large 
metropolitan  daily  paper  it 
would  seem  there  would  be  one  who 
would  have  the  requisite  technical 
knowledge  to  intercept  the  serious, 
but  erroneous,  conclusions  on  scien- 
tific subjects  that  more  or  less  fre- 
quently appear  in  the  columns  of  the 
daily  press,  and  which  the  technical 
press  is  fond  of  terming  "newspaper 
science." 

An  example  of  what  is  referred  to 
occurred  recently  in  an  editorial  based 
upon  the  telegraphic  report  of  what 
purported  to  be  a  new  invention, 
namely,  the  joint  use  of  a  wire  for  tele- 
graph and  telephone  purposes.  The 
editorial  discoursed  at  length  on  the 
possibilities  opened  up  by  this  inven- 
tion, and  made  the  usual  prediction 
that  if  subsequent  tests  bore  out  the 
146 


results  of  the  first  experiments,  it 
would  work  a  revolution  in  the  arts  of 
telegraphy  and  telephony.  As  a  mat- 
ter of  fact,  however,  it  is  to  be  noted 
that  the  joint  and  simultaneous  use  of 
a  wire  for  telegraphic  and  telephonic 
purposes  was  invented  prior  to  1884, 
and  the  system  is  to-day  in  use  on 
hundreds  of  miles  of  wire.  By  the 
use  of  this  system,  the  invention  of 
Von  -Rysselberghe,  a  Belgian,  two 
telegraph  circuits  are  obtained  from 
any  metallic  telephone  circuit  on 
which  it  is  placed,  without  detriment 
to  the  operation  of  either  system. 

Another  instance  of  non-familiaritv 
with  simple  scientific  facts  is  illustrat- 
ed by  an  article  that  goes  the  rounds 
of  the  press  once  or  twice  annually, 
namely,  the  story  of  the  electrified 
house.  The  article  usually  states  that 
some  one  has  discovered  that  every- 
thing he  touches  in  his  house,  the 
radiators,  picture  frames,  banquet 
lamps,  etc.,  give  him  an  electric 
shock.  Hence,  he  fears  there  is  some 
connection  between  the  arc-light  wires 
and  the  water  pipes  near  his  residence. 
The  electric  light  inspector  is,  there- 
fore, summoned,  and  reports  that  the 
wires  of  his  company  are  intact  and 
that  the  electricity  must  come  from 
some  other  source. 

It  does  not  dawn  on  any  of  the  peo- 
ple consulted  that  the  discoverer  of 
the  phenomenon  is  unconsciously  per- 
forming one  of  the  simplest  and  oldest 
of  electrostatic  experiments,  the  shuf- 
fling of  his  shoes  over  the  dry  carpet 
raising  the  potential  of  his  body  to 
several  thousand  volts  which  dis- 
charge at  every  opportunity.  One 
may  even  get  electric  discharges  from 
his  knuckles  to  the  brass  lock  of  a 
hand-bag  which  he  may  be  carrying 
while  walking  on  a  stone  pavement 
during  cold,  dry  weather. 

But,  dismissing  newspaper  science, 


it  is  somewhat  astonishing,  in  view  of 
the  many  ways  in  which  in  cold,  dry 
countries  electricity  is  unintentionally 
developed  and  manifested  by  spark- 
ing, that  the  first  knowledge  concern- 
ing this  phenomenon  did  not  come  to 
the  ancients  in.  this  way  rather  than 
by  the  attraction  of  light  substances 
by  amber.  The  explanation  of  this, 
however,  may  be  that  the  scientists  of 
bygone  days  did  not  reside  in  cold, 
dry  countries. 


Business  Training  for  the  Engineer 

TO  the  many  things  that  have  lat- 
terly been  said  as  to  the  right 
kind  of  training  for  the  young 
electrical  engineer,  as  well  as  for  his 
confreres  in  allied  professional 
branches,  it  may  well  be  added  that 
instruction  in  business  methods  in 
engineering  schools  could  be  devel- 
oped to  excellent  advantage. 

In  all  the  earlier  courses  of  college 
instruction  the  business  feature  has 
been  ignored,  if  not  belittled,  and  the 
young  men  turned  out  by  even  the 
best  schools  have  in  most  cases  been 
without  knowledge  of  even  the  rudi- 
ment of  business  practice.  In  engi- 
neering, as  in  every  other  kind  of  busi- 
ness, competition  and  the  reduced 
margin  of  profits  have  in  recent  years 
stimulated  the  introduction  of  econo- 
mies all  around ;  they  have  emphasized 
the  importance  of  conducting  busi- 
ness on  business  principles  and  of 
closely  following  systematized  ways  of 
doing  things  that  formerly  had  a 
happy  fashion  of  shaping  themselves 
to  the  best  ends.  It  is  not  the  science 
of  rational  book-keeping  alone  that 
has  forced  itself  into  recognition,  but 
all  the  details  of  shop  and  office  man- 
agement as  well,  of  estimating  costs, 
of  making  stock    surveys,    recording 
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plant  and  buildings,  of  controlling  cor- 
respondence and  a  small  host  of  other 
things. 

A  few  engineering  schools  have 
awakened  to  the  fact  that  the  engineer 
should  have  some  commercial  train- 
ing, and  courses  of  business  lectures 
have  been  inaugurated  in  several  of 
them,  representing  thus  the  beginning 
of  a  branch  of  instruction  of  which  the 
need  has  clearly  become  imperative. 
The  successful  engineer  to-day  is  a 
good  business  manager,  and  if  he  be 
college  trained,  he  realizes,  more,  per- 
haps, than  any  college  professor  can 
realize,  that  business  lectures  during 
his  technical  course  would  have  saved 
him  much  hard  work  in  later  years, 
much  disappointment,  and  certainly, 
in  many  cases,  money. 


Electricity  for  Thawing  Out  Frozen 
Water  Pipes 

THE  unusually  long-continued 
and  very  cold  weather  of  the 
past  winter  in  the  United 
States  resulted  in  the  freezing  of  thou- 
sands of  water  "service"  pipes,  caus- 
ing great  inconvenience  in  numerous 
instances,  shutting  off,  as  it  did,  the 
water  supply  from  the  buildings  af- 
fected for  days  and  sometimes  weeks 
at  a  time.  Nor  has  this  freezing  been 
confined  to  the  service  pipes.  In 
many  cases  small  mains  in  suburban 
localities  were  also  frozen  and  the 
supply  of  water  through  the  streets 
was  thus  stopped. 

This  state  of  affairs  has  not  been 
limited  to  any  one  section  of  the 
country,  but  it  has  been  more  frequent 
in  the  East,  where  such  prolonged 
cold  weather  has  not  been  antici- 
pated, and,  in  consequence,  the  pipes 
m  many  instances  have  not  been  laid 
to  a  greater  depth  than  3  or  4  feet  be- 
low the  surface.  Owing  to  the  fact 
that  in  many  localities  the  ground  has 
been  frozen  solid  to  a  depth  of  from 
5  to  6  feet,  the  question  of  digging 
down  to  the  pipes  for  the  purpose  of 
thawing  them  has  been  a  serious  one. 

The  common  practice  in  the  vicin- 
ity of  New  York  has  been  to  build,  on 
the  surface  of  the  ground,  over  the 
pipes  a  coal  or  coke  fire,  which  is  al- 
lowed to  burn  for  from  twelve  to 
twenty-four  hours  to  soften  the  earth 
sufficiently  to  permit  digging.  Num- 
erous instances  are  known  where 
plumbers  have  charged  $100  for 
thawing  out  the  service  pipes  in  this 
way.  To  avoid  this,  or  even  a  some- 
what lower  expenditure,  many  house- 
owners  made  temporary  connections 
with  the  water  pipes  in  adjoining 
houses,  with  the  view  of  awaiting  the 
thawing   of  the   frozen   water   in   the 


natural  course  of  events.  In  other 
cases  a  temporary  water  supply  was 
obtained  by  means  of  garden  hose, 
connected  from  one  house  to  the 
next. 

1 11  a  number  of  cities  and  towns, 
however,  an  electrical  means  of  thaw- 
ing frozen  pipes,  which  has  been  em- 
ployed for  some  years  in  Canada  and 
the  Northwest  was  introduced  in  the 
East,  and  as  this  process  is  much 
more  expeditious  and  cleaner  than 
the  plumber's  fire  method,  and,  be- 
sides, is  very  much  cheaper,  it  was 
hailed  as  a  boon  by  hundreds  of  prop- 
erty-owners. 

The  principle  employed  is  very  sim- 
ple. An  electric  circuit  is  completed 
through  the  frozen  pipe  by  attaching 
one  wire  of  the  circuit  to  the  city 
hydrant  and  the  other  wire  of  the  cir- 
cuit to  the  water  pipe  or  faucet  in  the 
building.  Since  the  iron  pipes  are  a 
much  better  conductor  of  electricity 
than  the  frozen  earth,  the  electric  cur- 
rent follows  these  pipes,  heating  them 
to  a  temperature  sufficient  to  melt  the 
ice  within  a  comparatively  short  time 
after  the  application  of  the  current. 

The  electric  lighting  companies  in 
Newark,  Jersey  City  and  in  other 
New  Jersey  cities,  saw  advantage  to 
themselves  in  this  use  of  the  electric 
current,  and  in  the  last  named  city 
there  were  at  one  time  several  gangs 
of  men  engaged  for  several  weeks 
thawing  out  frozen  water  pipes  at  the 
rate  of  from  fifteen  to  twenty-five  per 
day.  The  current  was  taken  from 
neighboring  electric  lighting  circuits, 
which  happen  to  carry  a  2,000-volt 
alternating-current.  Connection  was 
made  with  the  overhead  wires,  and 
the  pressure  was  reduced  by  portable 
step-down  transformers,  carried  on 
wagons,  to  a  pressure  of  about  20  to 
50  volts.  For  further  regulation  of 
the  pressure  and  current,  suitable 
coils  and  water  rheostats,  or  resist- 
ances, were  employed. 

The  charge  for  this  service  in  Jer- 
sey City  has  been  twenty-five  dollars; 
in  Newark  it  has  been  fifteen  dollars. 
In  the  first-named  city  the  electric 
company  gave  the  monopoly  of  this 
work  to  a  local  plumber;  that  is,  the 
plumber  took  the  orders  and  sub-let 
the  work  to  the  electric  lighting  com- 
pany, an  arrangement  which  brought 
down  the  wrath  of  the  victims  upon 
the  heads  of  the  lighting  company. 
This  monopoly,  however,  although  it 
lasted  long  enough  to  enable  those 
concerned  to  reap  a  rich,  if  begrudged 
harvest,  was  interrupted  by  the 
advent  upon  the  scene  of  a  local  man- 
ufacturer who,  having  a  spare  gas  en- 
gine and  dynamo  machine,  mounted 
them  both  upon  a  wagon  and  under- 
took the  work  of  thawing  out  water 
pipes  at  ten  dollars  apiece.     In  other 


cities  storage  batteries,  carried  on 
wagons,  have  been  utilized  for  this 
work. 

Jn  the  application  of  electricity  to 
the  thawing  out  of  water  pipes,  it  is, 
of  course,  essential  that  care  be  taken 
not  to  heat  the  water  pipes  sufficiently 
to  injure  them,  and  for  this  reason  the 
current  is  thrown  on  the  pipes  at  a 
low  strength,  which  is  increased  grad- 
ually. For  large  pipes,  heavy  cur- 
rent of  low  voltage  is  used,  and  for 
small  pipes  comparatively  low  current 
is  employed.  In  some  instances  a 
current  ranging  from  25  to  300  am- 
peres is  employed,  and  in  the  case  of 
frozen  mains  as  much  as  1,000  am- 
peres have  been  utilized  for  a  few 
minutes.  With  a  service  pipe  75  feet 
long,  a  current  of  275  amperes,  at 
about  18  volts  pressure,  has  raised  the 
temperature    of    the    pipes    to    about 

H5°  F. 

It  is  obviously  very  desirable  to 
avoid  digging  up  the  street  to  make 
the  necessary  electrical  connection 
with  the  pipes,  and,  as  already  noted, 
connection  is  made  with  the  street  hy- 
drant for  one  terminal  of  the  circuit 
wherever  this  can  be  done  advanta- 
geously; but  in  some  cases  the  hy- 
drant is  too  remote.  The  circuit  in 
that  event  must  be  completed  by 
collecting  up  with  the  outlet  pipe  in 
one  house  to  the  outlet  pipe  in  an  ad- 
joining or  nearby  house.  But  in  the 
case  of  isolated  buildings  it  is  impera- 
tive to  dig  down  at  one  point  to  reach 
the  pipes. 

In  the  foregoing  it  has  been  as- 
sumed that  the  water  pipes  to  which 
the  electrical  thawing-out  process  is 
applicable  are  of  iron.  In  one  case  in 
a  neighboring  city  the  best  part  of  a 
day  was  wasted  in  the  attempt  to  thaw 
out  an  unusually  refractory  pipe  be- 
fore it  was  learned  that  earthenware 
water  mains  were  used  in  that  section. 
Such  pipes,  being  non-conductors  of 
electricity,  of  course  could  not  be  heat- 
ed in  this  way  as  no  current  will  flow 
through  them. 


It  is  so  common  a  thing  to  read  that 
fires  of  mysterious  origin  were  doubt- 
less caused  by  a  defective  electric 
light  wire  that  it  is  something  of  a 
surprise  to  learn  from  some  recently 
published  statistics  on  fire  losses  and 
causes  that  out  of  a  total  of  30,800 
fires  in  the  United  States  in  one  year 
but  1,054  were  traceable  to  electricity. 
On  the  other  hand,  the  fires  arising 
from  this  cause  occasioned  the  high- 
est average  loss  per  fire.  By  far  the 
largest  portion  of  the  fires  causing 
losses  of  about  66  per  cent.,  were  due 
to  the  use  of  coal  in  some  shape, — de- 
fective flues,  stoves,  sparks  from  loco- 
motives, furnaces,  etc. 


Incandescent  Electric   Lighting 

Its  Birth  and  Development 


By    W.   S.    ANDREWS 


T 


HE  twenty-fifth 
anniversary  of 
the  Edison  in- 
candescent lamp 
and  the  fifty-seventh 
birthday  of  its  dis- 
tinguished inventor, 
were  very  fittingly 
celebrated  at  the  an- 
nual dinner  of  the 
American  Institute 
of  Electrical  Engi- 
neers at  the  city  of 
New  York,  on  the 
evening  of 
February  1 1, 
1904.  The  in- 
terest of  this 
memorable  oc- 
casion was  fur- 
ther enhanced 
by  the  present- 
ation of  the 
deed  of  gift  of 
the  Edison 
Medal  to  the 
Institute  with 
an  endowment 
fund  of  some- 
thing over  $5,000.  Mr.  Edison  was 
naturally  the  guest  of  honor  and  his 
presence  was  especially  appreciated 
by  those  who  had  been  privileged  to 
assist  him  in  his  early  work  in  the  de- 
velopment of  incandescent  electric 
lighting. 

Previous  to  the  year  of  1878,  the 
use  of  electricity  for  domestic  light- 
ing, on  a  footing  with  gas,  had  not 
received  any  serious  attention,  and 
the  incandescent  electric  lamp  could 
be  considered  only  as  an  interesting, 
but  practically  useless,  laboratory  ex- 
periment. In  that  year,  however, 
Edison  began  to  take  an  interest  in 
the  subject,  and  in  September,  1878, 
he  produced  his  first  incandescent 
lamp,  which  consisted  of  a  spiral  of 
platinum  wire  suspended  in  a  closed 
chamber  and  raised  to  incandescence 
by  a  current  of  electricity. 

Even  at  that  early  date  Edison  had 
evolved  well-defined  ideas  in  regard 
to  the  subdivision  of  the  electric 
light,  and  also  on  the  general  house- 
to-house  service  of  electricity  and  the 
possibilities  of  the  general  application 
of  electricity  to  other  purposes  than 
148 


lighting.  His  wonderful  foresight  in 
those  matters  will  be  recognized  in 
the  following  extract  from  the  New 
York  "Sun"  of  September  16,  1878. 
In  an  interview  with  a  "Sun"  reporter 
at  his  laboratory  in  Menlo  Park, 
N.  J.,  he  said: — 

"I  can  produce  a  thousand, — aye, 
ten  thousand  (lights)  from  one  ma- 
chine. With  fifteen  or  twenty  of 
these  dynamo-electric  machines,  re- 
cently perfected  by  Mr.  Wallace,  I 
can  light  the  entire  lower  part  of  New 
York  City,  using  a  500  (?)  H.P.  en- 
gine. I  purpose  to  establish  one  of 
these  light  centers  in  Nassau  street, 
whence  the  wires  can  run  uptown  as 
far  as  the  Cooper  Institute,  down  to 
the  Battery  and  across  both  rivers. 
These  wires  must  be  insulated,  and 
laid  in  the  ground  in  the  same  man- 
ner  as  gas  pipes.  I  also  propose  to 
utilize  the  gas  burners  and  chande- 
liers now  in  use.  In  each  house  I 
can  place  a  light  meter  whence  these 
wires    will    pass    through    the    house, 


tapping  small  metal  contrivances  (i.  e. 
lamp  sockets;  that  may  be  placed  over 
each  gas  burner. 

"Again,  the  same  wire  that  brings 
the  light  to  you,"  Mr.  Edison  contin- 
ued, "will  also  bring  power  and  heat. 
With  the  power  you  can  run  an  ele- 
vator, a  sewing  machine  or  any  other 
mechanical  contrivance  that  requires 
a  motor,  and  by  means  of  the  heat  you 
may  cook  your  food." 

Could  any  statement  have  been 
more  prophetic  than  this,  or  have 
more  faithfully  outlined  the  present 
utilization  of  electricity  for  domestic 
purposes  ? 

After  many  months  of  strenuous 
and  incessant  experimenting  with  the 
incandescent  platinum  spiral,  its  un- 
fitness for  commercial  lighting  be- 
came finally  apparent,  but  at  that  mo- 
ment of  discouragement  a  substitute 
for  platinum  was  discovered  and  Edi- 
son's first  carbon  filament  lamp  was 
produced. 

The    following    extract    from    the 
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New  York  "Herald"  of  December  21, 
1879,  briefly  relates  the  pleasing 
story: — 

"Edison's  discovery  of  a  substance 
from  which  electricity  could  produce 
the  light  of  incandescence  with  com- 
parative inexpensiveness  and  perfect 
effect,  is  one  of  those  little  romances 
of  science  with  which  the  pathway  to 
every  great  invention  is  strewed. 
Platinum  was  a  great  obstacle  for  a 
while  in  this  hunt;  and  not  altogether 
satisfactory  in  operation,  while  of  ex- 
tremely high  value,  it  seemed,  at  the 
moment,  as  if  it  might  make  the 
search  altogether  vain.  But  the 
happy  discovery  of  the  uses  of  a  bit  of 
cotton  thread  has  turned  the  whole 
current  of  this  story  into  a  fortunate 
channel,  and  we  are  rejoiced  to  con- 
gratulate not  merely  Edison,  but  the 
people  of  all  civilized  nations  upon 
Edison's  success." 

The  first  carbon  filament  lamp  was 
made  on  or  about  October  22,  1879. 
The  writer  was  living  at  Newark, 
N.  J.,  at  that  time,  and  he  well  re- 
members reading  the  statement  in  a 


THE  BIRTHPLACE  OF  EDISON,  AT   MILAN,  OHIO 

local  paper  that  Mr.  Edison  had  sent 
to  Clark's  Thread  Works,  at  Newark, 
for  a  pound  of  the  best  cotton  thread, 
and  that  he  had  produced  a  wonderful 
lamp  by  carbonizing  the  cotton  and 
then  passing  a  current  of  electricity 
through  a  short  piece  of  it. 

About  this  time  Edison  also  began 
to  actively  develop  all  the  details  for 
the  transmission  and  distribution  of 
electricity  to  be  used  in  connection 
with  the  new  lamp.  He  attacked  the 
problem  with  his  characteristic  ardor 
and  indomitable  perseverance,  and 
with  the  determination  to  evolve  a 
system  of  electric  lighting  with  incan- 
descent lamps  which  would  be  so 
cheap,  convenient,  and  safe,  that  it 
could  be  used  for  public  and  private 
lighting  purposes  in  competition  with 
gas. 

The  Edison  Electric  Light  Com- 
pany had  been  incorporated  in  1878 
with  a  capital  of  $300,000  for  "the 
production  of  light,  heat  and  power 
by  electricity,"  and  being  thus  fur- 
nished with  ample  funds  for  the  work 
in  hand,  Edison  fitted  up  the  labora- 


tory and  workshops  at  Menlo  Park 
with  all  necessary  machines  and  ap- 
pliances, and  employed  as  his  assist- 
ants a  staff  of  picked  men  who  worked 
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enthusiastically  almost  day  and  night 
in  the  development  of  the  new  sys- 
tem. 

The  first  lamp  filaments,  as  before 
stated,  were  made  of  carbonized  cot- 
ton thread;  but  these  were  found  to 
be  too  fragile  and  uneven  in  texture. 
Annular  and  horse-shoe  filaments 
were  then  cut  from  paper  and  thin 
cardboard  and  were  carbonized;  these 
gave  better  results.  Steel  moulds 
were  made,  and  powdered  graphite 
was  formed  into  filaments  under  enor- 
mous pressure;  but  they  turned  out 
to  be  brittle  and  soon  fell  to  pieces. 
An  ingenious  machine  was  also  made 


high  temperature,  gave  the  best  re- 
sults. This  product  was  therefore 
adopted  and  used  for  many  years. 

The,  discovery  of  a  suitable  material 
for  the  incandescent  lamp  filament 
was  naturally  only  a  small  part  of  the 
work  to  be  accomplished,  for  Edison 
had  laid  out  the  task  of  designing  a 
comprehensive  lighting  system  which 
was  to  be  complete  in  all  details,  from 
the  generators  to  the  lamps.  This 
system  was,  moreover,  entirely  new 
and  untried,  inasmuch  as  it  was  to  be 
a  constant-potential  multiple-arc  sys- 
tem in  which  each  lamp  would  be  an 
absolutely  independent  unit  that  could 


his  ground  and,  having  absolute  faith 
in  the  practicability  of  his  concep- 
tions, no  discouragement  could  cool 
his  ardor  or  weaken  his  belief  in  final 
success. 

Throughout  the  year  1880  the  work 
of  development  progressed  steadily 
and  simultaneously  in  all  the  many 
branches  of  the  new  system.  Various 
shunt-wound  generators  were  de- 
signed, built,  and  operated  under  dif- 
ferent conditions.  The  incandescent 
lamps  were  continually  improved,  and 
every  now  and  then  new  batches  of 
them  were  set  up  in  the  grounds 
around  the  laboratory  and  in  the  sur- 
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which  automatically  shaped  the 
horseshoe  filaments  out  of  hard  wood, 
and  countless  filaments  were  cut  out 
of  all  varieties  of  native  and  foreign 
woods.  These  were  carbonized  and 
made  into  lamps  which  gave  more  or 
less  satisfactory  service.  In  fact,  al- 
most every  conceivable  kind  of  car- 
bonized material  was  experimented 
with  in  the  effort  to  improve  the  effi- 
ciency and  durability  of  the  lamp,  and 
agents  were  sent  to  many  foreign 
countries  to  collect  all  kinds  of  vege- 
table fibers  which  might  possibly  pos- 
sess the  desired  qualifications. 

It  was  at  length  discovered  that 
filaments  cut  from  the  hard  outside 
shell  of  a  certain  variety  of  the  bam- 
boo  cane,   and   then    carbonized    at   a 


be  lighted  or  extinguished  without 
affecting  any  other  lamp  on  the  sys- 
tem. All  previous  electric  lighting 
had  been  accomplished  with  lamps 
connected  in  series,  each  lamp  burn- 
ing normally  at  a  certain  voltage,  thus 
involving  a  total  voltage  higher  in  di- 
rect proportion  to  the  number  of 
lamps,  and  precluding  the  possibility 
of  indefinite  sub-division. 

Edison's  new  lamp  and  system  of 
sub-division  of  the  current  were  se- 
verely criticised  and  ridiculed  both  in 
this  country  and  in  Europe  by  many 
eminent  scientists  who  pronounced 
the  entire  scheme  to  be  simply  a  re- 
vival of  old  ideas,  long  since  tried  and 
discarded  by  earlier  inventors.  Edi- 
son, however,  had  thoroughly  studied 


rounding  residences,  to  test  their 
utility  in  practical  commercial  service. 
The  electric  meter  also  received  care- 
ful attention,  as  Mr.  Edison,  with  a 
keen  appreciation  of  future  require- 
ments, considered  this  device  to  be  an 
indispensable  adjunct  to  his  system. 

Lamp  sockets,  switches,  and  safety 
appliances  had  also  to  be  devised,  con- 
structed and  tested.  Nearly  every- 
thing in  connection  with  the  system 
had  to  be  originated,  as  the  conditions 
of  operation  were  new  and  untried, 
and  there  were  very  few  landmarks  to 
point  the  way  in  these  hitherto  un- 
trodden fields. 

After  many  months  of  arduous 
work,  shadowed  by  some  discourag- 
ing failures,  but  brightly  illuminated 
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by  final  success,  Edison  was  so  far 
satisfied  with  all  details  that  he  deter- 
mined to  give  a  public  exhibition  of 
the  light  on  a  grand  scale.  A  num- 
ber of  wooden  lamp  posts  were  erect- 
ed and  fitted  with  outside  globes  of 
clear  glass  to  protect  the  lamps  and 
sockets  from  the  weather;  insulated 
conducting  wires  were  laid  under- 
ground from  post  to  post,  and  at 
length,  in  the  early  winter  of  1880,  the 
work  ot  installation  was  finished.  The 
preliminary  tests  were  completed,  the 
results  found  satisfactory,  and  the 
snow-covered  woodlands  around 
Menlo  Park  laboratory  were  illu- 
mined night  after  night  by  glittering 
rows  of  incandescent  lamps  which 
presented  much  the  same  appearance 
as  those  with  which  we  are  now 
familiar. 

This  exhibition  was  continued  for 
several  months,  and  the  installation 
was  enlarged  from  time  to  time  until 
nine  electric  generators  were  event- 
ually put  into  simultaneous  service  to 
supply  current  to  600  16  candle-power 
lamps  through  about  eight  miles  of 
underground  conductors,  the  area 
lighted  being  approximately  one  mile 
long  by  half  a  mile  wide.  Envious 
rivals  and  chronic  doubters  had  by 
this  time  been  almost  silenced  by  the 
unqualified  success  of  this  magnifi- 
cent display  to  which  all  the  world 
had  been  unconditionally  invited,  and 
the  appreciation  of  the  public  and  the 
press  may  be  fairly  estimated  by  the 
following  extract  from  the  "Scientific 
American"  of  June  18,  1881 : — 

"Simply  as  an  exhibition  of  perfect 
illumination  under  perfect  control, 
covering  a  vast  area,  this  array  of 
lamps  presents  a  most  remarkable  and 
delightful  sight,  and  is  alone  well 
worthy  of  a  trip  to  Menlo  Park.  As  a 
demonstration  of  the  perfected  work- 
ing of  a  great  and  novel  system  of  il- 
lumination, sure  to  become  in  a  little 
while,  a  potent  contributor  to  the 
comfort  and  economy  of  city  life,  it  is 
a  spectacle  which  cannot  fail  to  im- 
press powerfully  the  mind  of  any  ob- 
server." 

In  response  to  Edison's  cordial  in- 
vitation, thousands  of  people  from  far 
and  near  came  to  see  the  wonderful 
exhibition  at  Menlo  Park,  which 
marked  the  beginning  of  the  indus- 
trial era  of  domestic  electric  lighting, 
and  the  daily  papers  were  filled  with 
all  the  marvelous  possibilities  of  the 
new  illuminant. 

Orders  for  dynamos  and  accessories 
came  in  so  fast  that  the  facilities  of 
the  Menlo  Park  shops  were  found  in- 
adequate to  supply  the  demand,  and 
the  works  of  the  John  Roach  Machine 
Company,  in  Goerck  street,  New 
York  City,  were  therefore  purchased 
by  Edison  and  his  associates  for  the 
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manufacture  of  electric  apparatus  on 
a  large  scale. 

Although  there  was  a  wide  field  for 
small  isolated  lighting  plants,  it  was 
Edison's  aim  from  the  start  to  pro- 
mote the  installation  of  central  sta- 
tions where  electricity  could  be  cheap- 
ly produced  by  powerful  generating 
units  and  distributed  from  house  to 
house  through  overhead  or  under- 
ground conductors,  and  early  in  1880 
he  began  to  build  massive  shunt- 
wound  bipolar  generators  suitable  for 
direct  connection  to  high-speed  steam 
engines,  these  units  being  specially 
adapted  for  heavy  central  station 
duty. 

One  of  these  "Jumbos,"  as  the  ma- 
chines were  facetiously  named,  creat- 
ed a  great  sensation  at  the  Paris  Ex- 
position in  1 88 1,  and  several  similar 
machines  were  afterwards  built  and 
operated  in  the  city  of  New  York,  and 
also  in  London,  Milan,  and  other  in- 
dustrial centers. 

The  first  central  station  in  the 
world  designed  for  the  public  service 
of  electricity  for  incandescent  lighting 
was  started  in  Appleton,  Wis.,  early 
in  1882.  This  was  a  very  modest 
affair,  having  only  one  small  dynamo 
driven  by  water  power.  A  month  or 
two  later  a  comparatively  large  sta- 
tion was  opened  in  Holborn  Viaduct, 
London,  England,  and  on  September 
4,  1882,  another  station  was  started  in 
the  city  of  New  York.  This  was  the 
historic  Pearl  street  station.  In  this 
six  "Jumbo"  generators  supplied  cur- 
rent to  customers  through  about 
eighteen  miles  of  underground  feeders 
and  mains   on   the   two-wire   system, 


which  made  the  cost  of  copper  enor- 
mous. To  overcome  this  drawback, 
Edison  invented  the  well-known 
three-wire  system  which  is  now  uni- 
versally used  for  continuous-current 
distribution  in  all  large  cities  in  this 
country  and  elsewhere. 

The  first  central  station  installed  on 
the  three-wire  system  was  built  at 
Sunbury,  Pa.,  and  as  this  was  the  ban- 
ner plant  of  its  kind,  it  may  be  inter- 
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esting  to  briefly  review  some  details 
connected  with  its  history.  Early  in 
the  spring  of  J  883  Edison  desired  the 
writer  to  make  some  tests  at  the 
Goerck  street  works  on  his  newly  in- 
vented three-wire  system  of  electrical 
distribution,  and  the  results  shown 
were  so  highly  satisfactory  that  it  was 
determined  to  put  the  system  into  im- 
mediate commercial  operation  at  Sun- 
bury.  The  station  contained  an 
engine  and  dynamo  room,  meter  room 
and  boiler  room,  and  the  electrical 
equipment  consisted  of  two  Edison 
bipolar  generators  driven  by  an  Arm- 
ington  &  Sims  engine  with  a  total  ca- 
pacity of  about  400  16-candle-power 
lamps.  The  bus-bars  consisted  of  No. 
000  copper  wire,  straightened  and 
fastened  with  iron  staples  to  the 
wooden  sheathing  of  the  dynamo 
room  without  any  attempt  at  insula- 
tion, and  the  switchboard  instruments 
comprised  two  ponderous  pressure  in- 
dicators, one  rudely  built  ammeter  in- 
terpolated ,in  the  neutral  bus  to  show 
when  the  load  was  out  of  balance,  and 
half  a  dozen  roughly  made  plug 
switches. 

In  view  of  all  the  refinements  in 
electric  apparatus  which  are  now- 
deemed  necessary  for  the  successful 
operation  of  a  modern  generating 
plant,  it  is  interesting  to  look  back 
and  consider  the  crude  appliances 
with  which  the  early  central  stations 
were  provided. 

Edison  had  promised  to  personally 
superintend  the  opening  ceremonies, 
and  on  July  4,  1883,  all  preparations 
being  completed,  the  engine  was  start- 
ed an  hour  or  so  before  sunset;  but 
the  dynamos  failed  to  "charge  up," 
and  everybody  concerned  began  to 
feel  very  anxious. 

"Something  must  have  gone  wrong 
on  the  pole  line,"  said  Edison,  so  all 


AN    EARLY    EDISON    DYNAMO,    l88o 


hands  started  out  on  a  tour  of  inspec- 
tion, and  not  far  from  the  station  two 
feeder  wires  were  found  to  be 
"crossed." 

This  trouble  was  soon  remedied, 
and  fortune  now  smiled  on  our  efforts. 
The  lamps  in  the  station  came  steadily 
up    to    candle-power,    and    a    general 
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rush  was  made  "downtown."  The 
City  Hotel  was  the  largest  building 
that  had  been  wired,  and  it  was  found 
radiant  with  electric  light.  Impatient 
expectation  had  given  place  to  noisy 
expressions  of  wonder  and  delight 
among  the  townspeople  who  thronged 
the  hotel,  and  thus  was  the  first  Edi- 
son three-wire  station  started. 

Sunbury  was  provided  with  the  first 
electric  meters  that  were  used  outside 
of  the  city  of  New  York.  These  meters 
were  of  the  regular  Edison  type,  in 
which  the  current  is  measured  by  the 
loss  of  weight  in  one  of  two  zinc 
plates,  by  electrolytic  action.  Edison 
had  carefully  instructed  the  meter- 
man,  and  firmly  impressed  him  with 
the  belief  that  the  meters  were  infalli- 
ble, and  that  any  error  in  the  custo- 
mers' bills  would  be  a  sign  of  careless- 
ness on  his  part. 

When  the  first  month's  bills  were 
made  out,  most  of  them  appeared  fair- 
ly reasonable,  but  two  or  three 
showed  totals  which  would  have  been 
ruinous  to  the  customer,  and  the  me- 
ter-man was  considerably  exercised. 
At  last  he  remembered  that  when  put- 
ting the  bottles  containing  the  zinc 
plates  into  these  meters,  he  found  that 
the  stiff  copper  connecting  wires  were 


3-8 


J  58 


THE     ELECTRICAL     AGE 


Match,  1904 


Manilla  Hemp 


South  American 
Bast 


Plumbago  Filament 


Braeilian  Fibre 


South  American 
Fibre 


i^r"*"**--^ 


Palm  Leaf 


Monkey  Bast  Fibre 


D 


White  Wood  Cut  by  Machine 


Paper  Filament 


Carbonized  Bamboo 
Thread 


Section   of  Bamboo 


r\ 


a    I 


Cardboard  Loop,   Before  and  After   Car- 
bonization 


i 


Bamboo   Carbons 


Bamboo  Carbons  Treated  in  Hydro-Carbon  Vapor 


wm&sam 


The  Various  Stages  in  the   Preparation   of  Bamboo  Filaments 


Cardboard  Loop 
Before    Carbonizing 


Bamboo   Filaments 

Before   and   After 

Carbonizing 


The  Old  Paper  Horse-Shoe,  Before  and  After  Carbonizing 


REPRODUCTIONS    FROM    PHOTOGRAPHS    OF    MATERIALS   USED  BY   EDISON   IN    HIS  EARLY  INCANDESCENT  LAMP  FILAMENT  EXPERIMENTS 

J 


March,  1904 


THF.      ELECTRICAL     AGE 

I     I     III// 


159 


By  Kind  Permission  of  \V.  J.  Jenks 


EDISON    AND     HIS    LABORATORY    ASSISTANTS    AT    MENLO    PARK,    FEBRUARY    22,     l88o 


a  little  too  long  to  go  into  the  meter 
cases,  so  he  cut  off  short  pieces  of  the 
wire,  forgetting  that  he  had  previous- 
ly weighed  the  plates  and  wires  to- 
gether with  the  utmost  care  to  the 
tenth  of  a  milligram.  In  other  words, 
he  had  cut  off  pieces  of  copper  wire, 
the  equivalent  weight  of  which  in  zinc 
electrolytically  removed  from  one  of 
the  meter  plates,  would  have  repre- 
sented a  bill  of  perhaps  $100  or  more 
to  the  customer.  He  remarked  after- 
wards that  those  were  the  most  costly 
pieces  of  copper  wire  that  he  had  ever 
handled! 

A  short  time  after  the  station  was 
started,  a  heavy  thunderstorm  passed 
over  Sunbury.  Insulating  joints  for 
gas  fixtures  had  not  been  invented, 
and  it  was  customary  to  wire  up  the 
fixtures  by  winding  flexible  cord 
around  the  pipes.  The  writer  chanced 
to  be  in  the  office  of  the  City  Hotel 
when  the  storm  was  at  its  height. 
Suddenly  sharp  cracks  were  heard  and 
bright  sparks  were  seen  to  jump  be- 
tween the  wires  and  the  gas  fixtures. 
The  hotel  guests  at  once  stampeded 
out  into  the  pouring  rain,  umbrellas 
being  forgotten  in  the  rush  for  safety. 
The  writer,  however,  eventually  suc- 
ceeded in  restoring  a  measure  of  pub- 
lic confidence  by  assuring  the  hotel 
people  that  although  the  building  had 
undoubtedly  been  struck  by  lightning, 
the  electric  wires  had  obviouslv  saved 


it  from  sustaining  serious  damage  by 
carrying  off  the  atmospheric  electri- 
city to  earth  through  the  gas  pipes. 
A  few  months  later  another  three- 
wire  central  station  was  started  at 
Shamokin,  Pa.,  a  coal  town  about 
twenty  miles  from  Sunbury.  The 
building  was  of  brick  and  was  much 
larger  and  better  equipped  than  the 
Sunbury  station.  Three  Armington 
&  Sims  engines  supplied  the  power, 
each  engine  being  belted  to  a  separate 
dynamo.  The  third  or  extra  machine 
was  installed  so  that  it  could  be 
switched  on  to  either  side  of  the  three- 
wire  system,  as  required,  thus  putting 
two  machines  in  parallel  on  that  side. 

One  evening  while  practicing  on 
the  switching-over  of  the  spare  dyna- 
mo, a  little  joke  was  played  on  the  en- 
gineer. Two  of  the  machines  were 
running  in  multiple,  each  being  driven 
by  a  separate  engine,  and  the  engineer 
was  told  to  stop  one  of  the  engines. 
He  accordingly  closed  the  throttle, 
but  the  engine  naturally  showed  no 
disposition  to  slacken  speed,  being 
then  driven  by  the  generator,  which 
ran  as  a  motor,  taking  current  from 
the  other  generator. 

The  engineer  gazed  at  the  engine 
for  a  few  instants,  and  then  tried  the 
valve  again,  only  to  find  it  firmly 
closed.  Still  the  engine  kept  on  run- 
ning as  if  under  full  steam,  and  he  be- 
to    look    scared,    thinking:    that 


some  uncanny  influence  must  be  at 
work.  After  he  had  puzzled  over  the 
situation  for  a  short  time,  he  was  in- 
formed that  in  order  to  stop  his  en- 
gine he  would  have  to  open  the  dyna- 
mo switch,  which  he  did  with  some 
misgivings  as  to  what  might  happen 
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OF  THE  CARBON  AND  THE  LEADING-IN  WIRES. 
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SOME  OTHER  LAMPS  MADE  IN  THE  SPRING  OF  l88o.      THESE  HAD  PAPER  FILAMENTS 
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A  RADICAL  DEPARTURE  IN  THE  SHAPE  OF  THE  BULB,  NECESSITATED  BY  THE 
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next.  He  felt  relieved,  however, 
when  the  engine  began  to  slow  down 
and  finally  stopped;  but  it  was  some 
time  before  he  could  understand  how 
the  usual  process  could  be  reversed 
and  his  engine  be  driven  by  one  of  the 
dynamos. 

The  lack  of  proper  electric  indi- 
cating instruments  now  began  to  be 
felt,  and  the  necessity  of  having  an  in- 
dividual ammeter  for  each  generator 
was  emphasized  by  events  which  hap- 
pened a  little  later  at  Cumberland, 
Md.  Several  armatures  had  been 
burnt  out  in  this  station  without  any 
apparent  cause,  and  the  writer  was 
sent  thither  to  investigate  the  trouble. 
The  generating  apparatus  consisted  of 
six  dynamos,  connected  three  in  mul- 
tiple on  each  side  of  the  three-wire 
system. 

The  station  was  in  charge  of  a  very 
intelligent  colored  man,  who  was  both 
engineer  and  dynamo  tender.  On 
being  asked  how  he  distributed  his 
load  among  the  three  generators  when 
they  were  running  in  multiple,  he 
said : — ■ 

"Well,  I'm  a  bit  puzzled  about  that 
sometimes,  but  they  tell  me  that  the 
more  'juice'  there  is  going  through  a 
wire  the  hotter  it  gets,  and  so  I  go 
around  and  feel  the  wires  leading 
from  the  generators  to  the  bus-bars, 
and  try  to  keep  them  all  about  the 
same  temperature,  and  if  one  of  them 
gets  a  little  warmer  than  the  others,  I 
turn  some  resistance  into  the  dyn- 
amo." 

This  explanation  showed  clearly 
that  the  responsibility  for  the  trouble 
really  rested  with  the  people  who 
failed  to  provide  means  for  indicating 
the  output  of  each  generator,  and  the 
facts  were  reported  accordingly  to 
Mr.  Edison.  Orders  were  at  once  is- 
sued to  make  a  station  ammeter,  and 
the  old  type  of  pendulum  ammeter 
was  the  result.  Six  of  these  instru- 
ments were  first  made  up  for  Cum- 
berland station,  and  after  inspecting 
them,  Mr.  Edison  gave  instructions 
that  each  ammeter  should  be  packed 
separately  in  a  strong  wooden  box. 
This  being  done,  the  six  boxes  were 
placed  on  one  of  the  tables  in  the  test- 
ing room,  and  Mr.  Edison  then  told 
one  of  the  men  to  get  on  the  table  and 
kick  the  boxes  off  to  the  floor.  Each 
box  received  this  rough  usage  several 
times,  and  he  then  had  them  opened 
for  examination,  remarking  that  if  the 
ammeters  would  not  stand  that  sort 
of  treatment  they  were  not  properly 
constructed  for  shipment  and  subse- 
quent practical  service.  These  in- 
struments were  not  fitted  with  jeweled 
bearings,  and  they  passed  the  ordeal 
without  injury. 

Incandescent  lighting  was  now  rap- 
idly becoming- a  public  necessity,  and 


as  all  three-wire  central  station  plants 
that  had  thus  far  been  installed  ap- 
peared to  be  financially  prosperous, 
the  business  expanded  very  rapidly, 
and  promoters  grew  rich  in  the  or- 
ganization of  new  electric  lighting 
companies. 

The  limitations  of  the  low-tension 
three-wire  system,  however,  became 
apparent,  especially  in  suburban  dis- 
tricts where  the  lighting  was  scattered 
and  located  at  some  distance  from  the 
source  of  supply,  seeing  that  the  cost 
of  conductors  made  it  unprofitable  to 
transmit  low-tension  current  for  more 
than  about  a  mile  and  a  half  from  the 
generating  station. 

About  this  time  the  Westinghouse, 
Thomson-Houston  and  other  electric 
manufacturing  companies  began  to 
produce  alternating-current  genera- 
tors and  transformers  and  accessory 


motors  had  been  developed  which 
could  compete  in  many  respects  with 
existing  types  of  continuous-current 
motors.  Ihese  and  many  other  draw- 
backs which  handicapped  the  intro- 
duction of  the  alternating-current  sys- 
tem, were  gradually  diminished  or  en- 
tirely eliminated  as  new  developments 
were  unfolded,  and  to-day  these  once 
rival  systems  may  be  seen  harnessed 
side  by  side,  or  mutually  interchange- 
able, and,  by  intelligent  handling,  pro- 
ducing results  which  only  a  few  years 
ago  would  have  been  considered  im- 
possible. 

The  writer  was  recently  looking 
over  some  extracts  from  a  report  of 
the  Washington  Bureau  of  Statistics 
and  noted  that  the  enormous  sum  of 
more  than  $500,000,000  is  now  invest- 
ed in  this  country  in  central  station 
electric  lighting  plants.     Considering 
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apparatus,  their  designs  being  at  first 
largely  copied  from  European  models. 
Later  on,  Tesla  entered  the  field,  and 
the  patents  covering  his  valuable  in- 
ventions were  purchased  by  the  West- 
inghouse Electric  &  Manufacturing 
Company.  The  acquisition  of  these 
patents  gave  to  that  company  a  com- 
manding influence  in  the  industrial 
application  of  alternating-current  ap- 
paratus, and  the  adaptability  and  flex- 
ibility of  the  system  soon  became 
apparent  in  connection  with  the  trans- 
mission and  distribution  of  current. 

Development  along  these  lines  was 
pushed  with  great  energy  and  skill  by 
the  Westinghouse  and  the  Thomson- 
Houston  companies;  but  for  several 
years  progress  was  hindered  by  the 
difficulties  which  surrounded  the 
coupling  of  alternating-current  gen- 
erators in  multiple,  and  also  for  the 
reason     that     no     alternating-current 


the  fact  that  less  than  twenty-five 
years  ago,  there  was  not  a  plant  of  this 
kind  in  existence,  we  may  well  be  in- 
clined to  wonder  what  will  be  the  fu- 
ture history  of  such  a  marvelous  in- 
dustry, which  has  been  growing 
steadily  in  this  country  from  its  birth 
at  an  average  rate  of  over  $20,000,000 
per  annum,  and  has  in  the  short  space 
of  less  than  twenty-five  years  attained 
such  magnificent  proportions. 

In  conclusion,  it  may  be  stated  that 
about  2,500  Edison  incandescent 
lamps  were  made  at  Menlo  Park  in 
1880.  Every  year  thereafter  showed  a 
wonderful  increase  in  the  number 
manufactured,  and  in  1903  the  total 
world's  production  of  Edison  lamps 
has  been  estimated  at  80,000,000. 


Water  power  to  the  extent  of  238,- 
000  H.  P.  is  used  in  various  French 
industries. 


Fuel   Losses  in   Steam   Plants  and   How  to 

Determine   Them 


By     GEORGE     H.     BARRUS 


Fuel  economy  in  steam  plant  operation  ought  to  concern  the  electric  station  manager  quite  as 
much  as  the  purely  electric  features  of  his  work.  There  is  an  intimate  relation  between  the  input  of 
coal  and  the  output  of  electric  energy,  and  the  careful  control  of  the  former  is  really  at  the  foundation 
of  a  station's  successful  business;  hence,  the  interest  and  value  of  Mr.  Barms'  article  here.  No  one 
knows  more  about  these  things  than  Mr.  LJarrus,  and  few  have  the  faculty  of  setting  them  forth  in  as 
clear  and  convincing  a  manner. — The  Editor. 


FUEL  losses  in  the  operation  of  a 
steam  plant  are  of  two  kinds, — 
one,  the  direct  loss,  produced  by 
inefficiency  of  the  boiler,  and  the  other, 
the  indirect  loss,  due  to  improper  use 
of  the  steam  for  the  purpose  for  which 
it  is  intended.  The  first  is  confined 
solely  to  the  apparatus  in  which  the 
steam  is  generated,  and  the  problem 
to  which  it  pertains  is  centered  upon  a 
single  object.  The  second  relates  to 
a  great  variety  of  subjects,  depending 
upon  the  uses  to  which  the  steam  is 
applied,  embracing,  as  it  does,  the  va- 
ried industrial  operations  for  which 
steam  is  employed  in  heating,  and  the 
great  variety  of  engines  and  other  mo- 
tive appliances  for  which  steam  is  used 
in  the  production  of  power. 

The  first  matter  of  interest  which 
naturally  presents  itself  in  regard  to 
this  subject  is  the  question  of  deter- 
mining whether  or  not  a  steam  plant  is 
operating  at  a  loss,  and,  if  so,  the  ex- 
tent of  the  loss ;  and  the  second  ques- 
tion is  what  course  to  pursue  in 
overcoming  the  loss.  In  answering 
the  first  question  we  are  brought  at  the 
outset  to  the  only  method  of  deter- 
mination available,  and  that  is,  a  per- 
formance test  of  the  plant.  By  this  is 
meant,  in  the  first  place,  an  efficiency 
trial  of  the  boiler,  and,  in  the  second 
place,  an  elementary  test  which  deter- 
mines the  quantity  of  steam  used  by 
each  piece  of  apparatus  concerned, 
whether  it  be  a  heating  coil,  an  appa- 
ratus using  steam  for  boiling,  an  en- 
gine, or  a  pump,  and  the  efficiency 
with  which  each  utilizes  the  steam 
supplied  to  it. 

To  make  an  efficiency  trial  of  the 
boiler  is  a  comparatively  simple  mat- 
ter, and  it  is  one  about  which  so  much 
has  been  said  and  written  that  it  re- 
quires little  explanation.  It  is  suffi- 
cient, perhaps,  to  say  that  by  its  means 
the  number  of  pounds  of  water  evapo- 
rated per  pound  of  coal  is  ascertained, 
and  thereby  the  number  of  heat  units 
absorbed  by  the  water  is  determined, 
which  is  then  compared  with  the  calo- 
rific value  of  the  fuel  found  by  the 
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calorimeter  test,  and  the  desired  effi- 
ciency expressed  as  a  percentage  or 
proportion. 

It  is  not  so  easy  to  devise  methods 
for  measuring  the  steam  used  by  a 
number  of  different  pieces  of  appara- 
tus constituting  the  plant.  Consider- 
able ingenuity  is  sometimes  needed  in 
doing  this,  depending  on  the  circum- 
stances surrounding  each  particular 
case.  It  may  be  said  in  general,  how- 
ever, that  the  measurements  can  be 
made  by  ascertaining  the  gross  quan- 
tity consumed  by  the  entire  plant,  then 
dropping  off  one  piece  of  apparatus 
and  determining  the  quantity  used, 
then  dropping  off  another  and  ascer- 
taining the  quantity  used  with  two 
thrown  off,  then  dropping  off  a  third, 
and  so  on  until  data  have  been  ob- 
tained regarding  the  whole  number, 
and  finally  ascertaining  the  quantity 
used  by  each  apparatus  by  subtracting 
one  total  from  the  next  one  preceding. 

In  determining  the  direct  fuel  loss 
at  the  boiler,  assuming  a  hand-fired 
furnace,  a  fairly  good  efficiency  result 
for  ordinary  cases  may  be  taken  as  75 
per  cent.,  that  is,  the  number  of  heat 
units  actually  absorbed  by  the  water 
evaporated  is  75  per  cent,  of  the  calo- 
rific value,  or  the  total  heat  of  combus- 
tion of  the  fuel.  If,  by  means  of  the 
boiler  trial,  it  is  found  that  the  effi- 
ciency falls  below  75  per  cent.,  it  may 
be  safe  to  conclude  that  the  boiler  is 
working  at  a  loss.  Taking  coal  hav- 
ing a  calorific  value  of  14,000  B.  T.  U. 
per  pound  of  dry  fuel,  the  efficiency 
noted  applies  to  an  evaporation  from 
and  at  212  degrees  of' 10.87  pounds  of 
water  per  pound  of  dry  coal.  If, 
therefore,  the  trial  gives  a  less  evapo- 
ration with  the  fuel  noted  than  10.87 
pounds,  the  indications  are,  as  stated, 
that  the  boiler  is  working  at  a  loss. 

Having  determined  by  means  of  the 
evaporative  test  to  what  extent  the 
boiler  is  inefficient,  the  next  thing  is  to 
locate  the  cause,  or  causes,  of  loss. 
The  most  important  losses,  and  those 
most  common,  are  the  losses  due  to 
imperfect  combustion  and  to  inefficient 


heating  surface.  The  former  is  pro- 
duced by  careless  handling  of  the  fire 
and  improper  admission  of  air  to  the 
furnace,  and  the  latter  to  faulty  ar- 
rangement and  condition  of  the  heat- 
ing surfaces.  To  one  who  knows  by 
experience  the  best  method  of  firing 
any  given  kind  of  coal,  the  character 
of  the  combustion  can  be  fairly  well 
judged  by  viewing  the  furnace  and  ob- 
serving the  appearance  of  the  products 
of  combustion  and  flame  issuing  from 
it. 

The  absolute  character  of  the  com- 
bustion and  the  extent  to  which  it  is 
imperfect  can  be  determined  only  by  a 
chemical  analysis  of  the  escaping 
gases.  Such  an  analysis  shows  the 
amount  of  combustible  gas  which 
passes  off  unburned,  and  it  also  shows 
whether  a  suitable  quantity  of  air  is 
introduced  into  the  furnace  to  secure 
the  best  results.  The  analysis,  in  many 
cases,  proves  conclusively  whether  the 
method  of  firing  and  handling  the  fur- 
nace is  the  best  suited  to  the  fuel  used. 
In  the  case  of  a  fuel  whose  characteris- 
tics in  burning  are  not  well  known,  it 
furnishes  the  best  guide  available  as 
to  how  it  should  be  worked.  If  the 
efficiency  trial  shows  a  low  result, 
other  conditions  being  satisfactory,  the 
gas  analysis  often  provides  a  means  of 
locating  the  cause  of  the  loss  which, 
otherwise,  it  would  be  difficult  to  ascer- 
tain. 

Should  it  be  found  from  the  results 
of  the  gas  analysis  that  the  quantity  of 
air  introduced  is  too  great,  it  may  be 
due  to  leakage  of  air  through  cracks 
in  the  setting,  to  admission  of  too 
large  a  quantity  through  the  registers 
in  the  fire  doors,  or  to  the  use  of  too 
large  a  percentage  of  air  space  in  the 
grate  bars.  In  either  case  a  suitable 
examination  will  suggest  the  proper 
remedy.  If  it  is  found  that  combus- 
tible gas  escapes  unburned  and  it  is 
not  due  to  improper  firing,  it  is  some- 
times caused  by  the  absence  of  a  suffi- 
cient quantity  of  air  introduced  above 
the  burning  fuel.  This  can  often  be 
remedied  by  simply  making  perfora- 
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tions  in  the  fire  doors,  or  enlarging 
those  already  provided.  The  nse  of  a 
suitable  automatic  stoker,  properly 
handled,  secures  the  most  perfect  com- 
bustion, and  this  furnishes  a  means  of 
improving  the  efficiency  beyond  the 
highest  that  can  be  obtained  where  the 
furnace  is  hand-fired. 

The  inefficiency  of  the  heating  sur- 
face is  revealed  by  excessive  tempera- 
ture of  the  escaping  gases.  In  many 
boilers  the  temperature  would  be  con- 
sidered excessive  if  it  exceeded  500 
degrees  F.  There  are  several  causes 
which  lead  to  high  flue  temperature. 
One  is  the  crowding  of  the  boiler  be- 
yond its  economical  capacity,  and  this 
is  so  well  recognized  as  to  require 
little  comment. 

Another,  and  one  which  is  widely 
prevalent,  is  the  unclean  condition  of 
the  fire  side  of  the  surfaces,  as  also  the 
deposit  of  scale  and  sediment  on  the 
water  side.  This  is  self-evident,  but 
yet  it  is  a  matter  which  does  not  re- 
ceive the  .attention  that  would  natur- 
ally be  expected.  The  best  remedy 
for  such  conditions  is  the  more  fre- 
quent cleaning  of  the  surfaces, 
whether  external  or  internal,  the  use 
of  appliances  which  prevent  smoke 
and  soot,  and  the  adoption  of  means 
for  purifying  the  water  and  prevent- 
ing the  formation  of  scale.  The 
blowing  of  the  soot  and  ash  from  the 
exterior  heating  surfaces,  after  no 
more  than  twenty-four  hours'  run,  will 
frequently  cause  a  drop  in  the  tem- 
perature of  the  escaping  gases  of  50 
degrees.  A  reduction  in  the  tempera- 
ture of  that  amount  sometimes  causes 
a  saving  of  5  per  cent,  of  fuel. 

The  third  reason  for  inefficiency  of 
surface  is  improper  distribution  of  the 
surface  in  the  path  of  the  gases, 
whereby  the  gases  take  a  short  cut  to 
the  flue  and  leave  a  considerable  por- 
tion of  the  surface  untouched.  This 
condition  is  more  apt  to  occur  in 
water-tube  boilers  than  in  fire-tube 
boilers,  and  the  remedy  is  the  re- 
arrangement of  the  baffling  plates  so 
as  to  compel  the  gases  to  cover  the 
surfaces  to  their  fullest  extent. 

Whatever  the  efficiency  of  the  heat- 
ing surfaces  of  the  boiler,  there  is  a 
limit  beyond  which  it  is  impossible  to 
reduce  the  temperature  of  the  escaping 
gases,  for  this  cannot  go  below  the 
temperature  of  the  water  in  the  inte- 
rior of  the  boiler.  At  a  pressure  of 
150  pounds  this  limiting  temperature 
is  366  degrees  F.  In  any  case,  how- 
ever, the  temperature  can  be  reduced 
to  a  great  extent,  even  to  a  point 
below  the  temperature  noted,  by  the 
employment  of  a  separate  heating  ap- 
pliance placed  in  the  flue  and  receiving 
the  feed  water  before  it  reaches  the 
boiler.  Such  an  appliance,  which  usu- 
ally goes  by  the  name  of  economizer, 


adds  much  to  the  efficiency,  especially 
where  there  arc  no  waste  exhaust 
steam  and  hot  water  returns  which  can 
be  utilized  for  the  preliminary  heating. 

There  is  another  kind  of  efficiency 
determined  by  the  evaporative  test, 
which  may  be  called  the  commercial 
efficiency,  and  that  is  the  cost,  instead 
of  the  quantify,  of  fuel  used  in  evapo- 
rating a  given  amount  of  water.  By 
making  a  series  of  tests,  using  fuel  of 
widely  varying  prices,  and  reducing 
the  results  to  the  cost  of  fuel  required 
for  producing  a  thousand  pounds  of 
steam,  taking  into  consideration  the 
cost  of  firing  and  handling  the  various 
kinds,  determination  can  be  made  of 
the  cheapest  fuel  to  use.  This  kind  of 
test,  often  gives  results  which  are  of 
more  value  to  the  owner  of  the  plant 
than  the  test  which  merely  determines 
the  efficiency  based  on  the  evaporation 
per  pound  weight. 

Having  determined  the  performance 
of  the  boiler  and  the  causes  of  ineffi- 
ciency which  may  be  going  on  in  the 
generation  of  the  steam,  the  next  ques- 
tion is  to  determine  the  efficiency  with 
which  the  steam  is  used  after  genera- 
tion. To  make  the  matter  clear  and 
specific,  it  may  be  well  to  assume  the 
purposes  for  which  steam  in  a  given 
plant  is  employed.  Take,  for  exam- 
ple, the  case  of  a  plant  in  which  the 
principal  parts  consist  of  a  compound 
condensing  steam  engine,  an  indepen- 
dent, steam-driven  air  pump  for  op- 
erating the  condenser,  a  steam-driven 
boiler  feed  pump,  an  auxiliary  engine 
for  electric  lighting,  and  a  steam  heat- 
ing system  embracing  a  number  of 
heating  coils  which  are  drained 
through  a  trap.  Besides  the  drainage 
effected  by  this  trap,  the  system  of 
steam  mains  connecting  the  boilers  to 
the  engine  and  the  reheater  with 
which  the  engine  is  fitted  are  also  pro- 
vided with  traps.  The  exhaust  steam 
from  the  pumps  is  passed  through  a 
feed  water  heater,  from  which  it  es- 
capes to  the  atmosphere.  The  quan- 
tity of  steam  used  for  each  of  these 
purposes  is  ascertained  either  by  the 
method  of  differences  already  men- 
tioned or  by  some  method  of  direct  de- 
termination, according  as  one  or  the 
other  is  best  adapted  to  the  situation. 

In  connection  with  the  test  of  the 
main  engine,  the  amount  of  power  de- 
veloped is  ascertained  by  taking  indi- 
cator diagrams,  and  from  these  is 
determined  the  amount  of  steam  con- 
sumed per  indicated  horse  power  per 
hour.  Whether  or  not  the  results  thus 
obtained  represent  good  economy  un- 
der the  conditions  of  the  toad  which 
exists,  is  found  by  ascertaining  from 
the  diagram  the  weight  of  "steam  ac- 
counted for"  by  the  indicator,  as  it  is 
termed,  and  comparing  it  with  the  ac- 
tual steam  consumption.     At  ordinary 


economical  loads  the  difference  be- 
tween the  two  quantities,  when  ordi- 
nary saturated  steam  is  used  and  the 
engine  is  in  good  condition,  is  usually 
not  more  than  20  per  cent.  Should 
the  result  of  the  test  show  a  greater 
difference  than  20  per  cent.,  there  is  a 
strong  probability  that  the  steam  is 
used  wastefully. 

One  of  the  most  common  sources  of 
waste  in  an  engine  is  leakage  of  the 
valves  and  pistons.  If  leakage  is  go- 
ing on,  it  can  be  located  by  subjecting 
the  various  valves  and  pistons  to  a 
leakage  test  when  the  engine  is  at  rest, 
and  determining  by  observation 
whether  the  steam  blows  through.  If 
there  are  no  excessive  leakages  and 
the  steam  consumption  per  horse- 
power is  still  found  to  be  high,  reveal- 
ing thereby  a  lack  of  economy,  there 
are  a  number  of  causes  which  may  op- 
erate in  producing  this  result,  and  a 
careful  study  of  the  form  of  the  dia- 
gram must  be  made  in  order  to  ascer- 
tain what  these  are.  Improper  set- 
ting of  the  valves  which  produces  a 
distorted  diagram,-  unsuitable  boiler 
pressure,  restricted  size  of  ports  and 
passages,  causing  loss  of  pressure  dur- 
ing admission  and  a  high  back  pres- 
sure during  the  exhaust,  too  early  or 
too  late  cut-off,  and  inefficiency  in  the 
action  of  the  condenser,  may  be  men- 
tioned as  some  of  the  principal  causes 
of  waste. 

By  a  similar  procedure  the  economy 
with  which  the  auxiliary  engines  and 
the  pumps  consume  the  steam  is  ascer- 
tained, and  the  causes  of  loss,  whether 
leakage  of  valves  and  pistons  or  im- 
proper setting  of  the  valves  or  other 
improper  conditions,  are  located. 
When  the  plant  is  small  and  the  steam 
pumps  connected  with  it  are  compara- 
tively unimportant,  it  is  unnecessary 
to  ascertain  the  amount  of  power  de- 
veloped by  using  the  indicator.  A 
simple  leakage  trial  is  usually  suffi- 
cient to  determine  the  main  source  of 
loss  which  is  likely  to  occur. 

The  principal  source  of  loss  as  re- 
gards heating  coils,  where  such  are 
used,  lies  in  the  means  employed  for 
draining  the  water  condensed  and  for 
utilizing  the  resulting  hot  water. 
Where  these  are  so  planned  or  operat- 
ed that  steam  escapes  uncondensed 
through  the  returns,  which  may  be  due 
either  to  inefficient  working  of  the  trap 
or  to  waste  from  the  tank  into  which 
the  return  water  discharges,  such  de- 
fects call  for  a  remedy.  Whether  the 
steam  consumed  for  heating  is  exces- 
sive or  not  can  be  ascertained  by  cal- 
culating from  the  amount  of  surface 
heated,  the  quantity  of  steam  that 
should  be  condensed  under  the  cir- 
cumstances and  comparing  it  with  the 
quantity  found  on  the  test.  In  any 
case,  having  determined  the  quantity 


J  64 


THE      ELECTRICAL      AGE 


March,  1904 


of  steam  used  for  this  purpose,  the 
question  presents  itself  whether  or  not 
the  heating  cannot  be  accomplished  by 
exhaust  steam  derived  from  the  main 
engine  or  from  the  auxiliary  engine, 
and  thus  economize  in  the  quantity  of 
live  steam  consumed. 

One  of  the  important  things  shown 
by  the  general  test  of  a  plant  is  the 
efficacy  of  the  feed-water  heater. 
Where  exhaust  steam  is  employed,  as 
in  the  instance  cited,  and  the  quantity 
available  is  sufficient,  the  temperature 
of  the  water  should  be  raised  to  a 
point  near  212  degrees.  If  the  tem- 
perature is  below  this  point,  there  is 
indication  that  the  heater  is  either  too 
small  or  that  the  surfaces  are  not 
properly  cleaned.  If  the  water  is 
heated  to  212  degrees  and  steam  es- 
capes from  the  heater  unused,  the 
steam  thus  wasted  represents  a  loss. 
In  this  case  the  remedy  is  to  use  a  por- 
tion of  the  steam  for  some  other  pur- 
pose. One  method  which  may  be 
mentioned  is  to  employ  a  boiler  feed 
pump  driven  by  power  instead  of  by 
steam.  Another  is  to  exhaust  one  or 
more  of  the  pumps  into  the  receiver  of 
the  engine  and  utilize  the  steam  for 
power  in  the  low-pressure  cylinder. 

The  data  obtained  by  the  test  of 
steam  used  up  in  leakage  and  con- 
densation of  the  plant  sometimes  fur- 
nish information  of  the  greatest 
importance  in  determining  losses,  the 
extent  of  which  can  hardly  be  realized 
without  their  aid.  That  part  which  is 
represented  by  condensation  in  the 
steam  pipes  can  readily  be  calculated 
and  allowed  for,  and  the  quantity  due 
solely  to  leakage  losses  determined. 
These  are  the  losses  produced  by  leak- 
age of  inefficient  steam  traps  which 
drain  the  system  of  piping  and  re- 
heater,  and  leakage  of  stop-valves 
which  cut  off  the  working  part  of  the 
plant  from  the  heating  mains  and  from 
parts  of  the  plant  that  are  not  in  use, 
to  say  nothing  of  the  numberless 
steam  joints  involved  in  the  construc- 
tion of  the  boilers  and  piping. 

In  a  plant  which  is  working  only  a 
part  of  the  day,  say  ten  or  twelve 
hours,  the  fires  being  banked  the  re- 
maining time,  these  losses,  which  may 
be  termed  the  stand-by  losses,  are  con- 
tinually going  on  for  the  entire 
twenty-four  hours,  and  they  represent 
a  larger  percentage  of  the  total  fuel 
consumption  than  they  do  where  the 
plant  is  in  operation  the  whole  time. 
Another  loss  in  plants  of  this  kind 
which  is  apt  to  go  on  while  the  fires 
are  banked  is  by  no  means  insignifi- 
cant. This  is  the  loss  of  fuel  which 
results  from  too  much  draught  being 
on  during  that  time,  either  from  im- 
properly fitted  dampers  in  the  smoke 
pipe,  or  from  carelessness  in  handling. 
The  flow  of  air  over  the  bank  of  fire 


produces  combustion,  the  heat  from 
which  is  expended  in  merely  warming 
the  air,  which  then  passes  off  through 
the  chimney  to  waste. 

There  are  many  losses  in  the  opera- 
tion of  a  steam  plant  which  can  best 
be  determined  by  observation,  but  in 


general  it  may  be  said  that  there  must 
be  a  skillful  combination  of  both  ob- 
servation and  test  along  the  lines 
which  are  here  briefly  outlined,  if  all 
the  wastes  are  to  be  located  and  the 
greatest  efficiency  obtained  from  the 
fuel. 


Pertinent  Features  of  the  Modern    Electric   Meter 

By  H.  P.  DAVIS.  Assistant  Chief  Engineer  of  the  Westinghouse 

Electric  &  Mfg.  Co. 

From   a    Paper    Read    Before    the    Electric    Club   of    Pittsburg 


SPEAKING  generally,  the  best 
types  of  induction  meters  manu- 
factured to-day  have  reached  a 
high  degree  of  excellence  in  general 
design  and  accuracy.  It  is  now  pos- 
sible to  obtain  integrating  wattmeters 
having  an  accuracy  equivalent  to  that 
found  in  the  best  indicating  instru- 
ments and  possessing  a  range  of  regis- 
tration many  times  greater.  If  the 
accuracy  of  calibration  now  given  to 
the  best  types  of  meters  as  they  leave 
the  manufacturers'  testing  rooms 
could  be  preserved,  little  else  would 
be  desired.  Permanency  in  regis- 
tration is,  therefore,  an  end  toward 
which  every  manufacturer  is  striving; 
and  step  by  step,  the  improvements 
are  being  made  which  bring  its  reali- 
zation nearer  an  actual  fact. 

The  causes  which  preclude  per- 
manency in  a  meter  are,  first,  the  ag- 
ing of  the  permanent  magnets;  sec- 
ond, the  variations  due  to  changes  of 
voltage,  temperature,  frequency,  etc.; 
and  third,  the  wear  upon  the  bearings. 
The  first  two  items  should  at  once  be 
eliminated  from  consideration,  as  a 
meter  in  which  these  sources  of  error 
exist  should  receive  no  more  consid- 
eration by  a  station  manager  than  a 
meter  which  is  not  dust,  dirt,  and  in- 
sect proof. 

The  third  cause,  however,  deserves 
careful  and  thorough  investigation. 
It  is  to-day  the  most  vital  question  be- 
fore the  meter  user,  because  its  vari- 
able nature  produces  with  extended 
use  a  constantly  increasing  amount  of 
friction  in  the  bearing.  A  thorough 
understanding  of  its  causes,  as  well  as 
the  feature  of  design  which  produce 
it,  is  then  of  high  importance,  and 
especially  when  it  points  out  the 
means  which  can  be  taken  to  min- 
imize the  effect. 

To  eliminate  friction  or  to  pre- 
vent its  gradual  increase,  due  to  wear 
and  service,  is  a  physical  impossibility. 
Attention  must,  therefore,  be  directed 
towards  the  incorporation  in  the  mov- 
ing element,  as  well  as  the  bearing,  of 
features  which  will  make  this  wear 
very  slight.    Friction  will  then  have  as 


nearly  a  constant  value  as  possible; 
and  if  the  friction  of  the  bearing  can 
be  made  constant,  its  effect  may  easily 
be  compensated. 

The  only  source  of  friction  in  a  well- 
designed  meter  occurs  between  the 
moving  element  and  its  support,  and 
it  may  be  computed  by  multiplying 
two  factors, — first  a  constant  (the  co- 
efficient of  friction)  which  is  deter- 
mined by  the  nature  of  the  bearings 
and  the  condition  of  the  surface;  and 
second,  the  force  with  which  the  sur- 
faces are  pressed  together.  As  the 
first  factor,  the  coefficient  of  friction 
depends,  with  a  given  form  of  bearing, 
on  the  condition  of  the  surfaces,  it  is 
evidently  of  vital  importance  that  no 
change  take  place  in  them,  as  other- 
wise this  coefficient  will  not  remain 
constant.  Whatever  changes  actually 
occur  in  meter  service  are  due  either 
to  wear  or  accident,  and  the  amount 
of  change  or  degree  of  damage  is 
wholly  dependent  upon  the  weight  of 
the  moving  element.  The  greater  the 
pressure  this  exerts,  the  more  rapid 
the  wear  of  the  engaging  surfaces,  and 
the  more  serious  the  injury  occasioned 
by  an  accidental  blow  or  jar.  As  the 
second  factor  depends  upon  the  forces 
with  which  the  surfaces  are  pressed  to- 
gether, it  is  obvious  that  the  friction 
is  directly  proportional  to  the  weight 
of  the  moving  element. 

The  weight  of  the  moving  element, 
and  its  resulting  wear  are,  therfore, 
the  causes  of  the  variable  factor  in  the 
meter's  permanency.  It  follows  at 
once,  that  however  well  designed  a 
meter  may  otherwise  be,  its  per- 
manency, when  compared  with  meters 
of  similar  design,  but  with  lighter 
moving  parts,  will  be  almost  inversely 
in  the  ratio  of  the  moving  element. 

Torque,  or  turning  moment  in  a 
meter,  is  the  force  doing  work  which 
is  proportional  to  the  load;  theoreti- 
cally, torque  should  do  no  work  in  the 
meter  except  that  imposed  by  the 
Foucault  currents  induced  in  the  disk 
In-  the  permanent  magnets.  Actually, 
however,  tbere  is  another  element  of 
work  to  consider, — friction.    To  make 
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its  effect  as  slight  as  possible,  the 
ratio  between  friction  and  the  turning 
moment  should  be  very  large,  as  this 
ratio  enters,  in  the  manner  pointed 
out  in  the  preceding  paragraph,  as  a 
determining  factor  in  the  permanency. 

As  a  matter  of  fact,  this  ratio,  in 
practice,  can  never  be  made  suffi- 
ciently large  to  make  the  friction 
effect  negligible.  Therefore,  the  sec- 
ond feature,  namely,  the  weight  of  the 
moving  element,  which  is  the  deter- 
mining factor  in  meter  friction, 
commands  serious  attention.  Upon 
it  depends  not  only  the  initial  amount 
of  friction,  but  also  the  rate  at  which 
this  friction  will  increase  the  wear. 

It  is  thus  apparent  that  in  the  con- 
sideration of  any  given  ratio  between 
torque  and  weight,  it  will  be  a  dis- 
tinct advantage  to  have  the  weight  as 
small  as  possible.  Unfortunately, 
however,  there  is  a  certain  minimum, 
fixed  by  the  amount  of  material  neces- 
sary for  mechanical  strength,  below 
which  weight  cannot  go.  In  deter- 
mining this,  skillful  designing  is  need- 
ed to  so  adjust  the  several  factors 
which  establish  the  torque  as  to  ob- 
tain the  greatest  torque  value  for  a 
certain  safe  weight.  In  accomplish- 
ing this,  the  highest  ratio  is  obtained 
between  the  pull  on  the  disk  and  fric- 
tion. 

In  considering  the  first  method, 
lightness  of  the  moving  element  is  of 
such  great  importance  in  establishing 
permanency  that  it  is  not  permissible 
to  increase  the  weight  alone,  in  order 
to  obtain  a  gain  in  torque ;  for  not  the 
increase  of  torque,  but  a  maximum 
value  of  the  ratio  of  torque  to  weight 
is  desired,  and  increasing  the  weight 
alone  does  not  increase  this  ratio. 
This  procedure,  therefore,  results  in 
no  gain,  while  it  introduces  a  positive 
danger,  representing  proportionately 
larger  friction  and  greater  danger  of 
jewel  wear  and  damage. 

The  second  method, — the  only  cor- 
rect and  rational  one  of  increasing  the 
ratio  of  torque  to  friction, — is  that  of 
reducing  the  friction  by  use  of  a  light 
moving  element  and  specially  de- 
signed bearings.  Not  only  is  the 
ratio  increased,  but  in  so  doing  the 
cause  of  wear  is  minimized  and  fric- 
tion values  remain  more  constant. 

As  already  indicated,  friction  is  pro- 
portional to  the  weight  of  the  moving 
element;  yet  it  is  a  constant  quantity 
at  all  speeds.  Its  effect,  therefore,  on 
the  accuracy  of  the  meter  is  to  cause 
it  to  record  too  slowly  on  the  light 
loads.  Thus,  if  the  pivot  friction 
amounts  to  |  per  cent,  of  the  full  load 
torque,  a  load  of  ^  per  cent,  will  just 
start  the  meter;  at  -J  per  cent.,  the 
meter  will  run  50  per  cent,  slow;  at  ^ 
per  cent.,  25  per  cent,  slow;  and  at 
10  per  cent,  about  2.5  per  cent  slow, 
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the  error  decreasing  as  the  load  in- 
creases, until  its  effect  at  larger  load 
is  almost  eliminated.  Suppose,  how- 
ever, the  torque  at  full  load  is  doubled 
while  the  friction  values  remain  the 
same;  the  result  will  be  that  the  fric- 
tion will  have  but  half  the  effect  upon 
the  speed  of  the  meter,  and  its  accu- 
racy will  be  correspondingly  in- 
creased. 

The  claim  is  often  made  that  a  me- 
ter having  high  torque  is  superior  to 
one  having  a  low  torque.  This  is  true 
only  when  the  high  torque  is  obtained 
by  means  of  high  efficiency  in  the 
work  magnet  which  drives  the  moving 
element.     If  the  higher  torque  be  se- 
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FIG. I. — CUP    AND    BALL    BEARING 

cured  by  increasing  the  amount  of 
metal  in  the  moving  element,  no  ad- 
vantage is  gained,  for  the  friction  is 
increased  in  direct  proportion.  The 
effect  upon  the  accuracy  of  the  meter 
is  the  same  as  before,  while  the  per- 
manency is  greatly  reduced,  owing  to 
the  additional  weight  and  consequent 
increase  in  the  wear  of  the  pivots  as 
well  as  the  greater  danger  of  acci- 
dental injury. 

From  these  considerations,  it  will 
be  seen  that  the  relative  proportions 
of  these  elements,  torque,  friction,  and 
weight  most  vitally  affect  the  accu- 
racy and  permanency  of  the  meter. 
To  determine  the  relative  merits  and 
possibilities  of  different  meters,  it  is 
very  desirable  to  have  a  clear  under- 
standing of  these  principles.  And 
from  all  that  has  been  said  it  follows 
that  the  performance  and  permanency 
of   meters    of   similar   design,    but   of 


equal  accuracy  when  new,  can  be  very 
closely  predetermined  by  comparing 
their  torque  per  unit  weight  of  mov- 
ing element,  and  bearing  in  mind  that 
even  though  they  should  happen  to 
have  equal  torque  ratios,  the  meter 
with  the  lighter  movement  is  very 
much  to  be  preferred.  These  impor- 
tant and  vital  considerations  in  meter 
permanency  have  been  recognized  for 


a  long  time. 


To  become  thoroughly  acquainted 
with  the  problem  and  to  obtain  data 
bearing  on  this  subject,  an  elaborate 
series  of  experiments  has  been  carried 
out  in  the  last  few  years  at  the  engi- 
neering laboratory  of  the  Westing- 
house  Electric  &  Manufacturing 
Company  at  Pittsburg.  In  these  ex- 
periments, every  type  of  bearing  com- 
monly used  in  meters  has  been  very 
thoroughly  investigated  and  a  great 
amount  of  data  bearing  on  this  sub- 
ject has  been  collected."  In  addition, 
many  modifications  of  standard  forms 
of  bearings  have  been  considered  and 
tested,  as  well  as  many  other  types 
which  promised  to  be  serviceable  for 
meter  use. 

The  results  of  this  work  have 
demonstrated,  in  many  ways,  the  su- 
periority of  the  so-called  cup  and  ball 
bearing,  illustrated  in  Fig.  1.  In  this 
form  of  bearing,  the  end  of  the  shaft 
and  the  step  present  two  recesses  fac- 
ing each  other,  and  into  each  of  these 
is  fitted  a  shallow,  hard,  sapphire 
jewel  cup.  Between  the  concave 
spherical  surface  of  these  jewel  cups 
is  placed  a  highly  polished  hardened 
steel  ball,  of  a  less  radius  than  the 
concave  surface  of  the  jewel  cups. 
The  moment  of  friction  of  this  bearing 
is  almost  inappreciable,  owing  to  the 
extreme  smallness  of  the  circles  of 
contact  of  the  ball  and  cups.  At  the 
same  time  the  speed  of  the  friction 
surface  is  reduced  to  one-half  that  of 
the  ordinary  meter  bearing;  the  ball, 
rotating  at  one-half  the  speed  of  the 
shaft,  is  also  subject  to  less  wear. 
Further  than  this,  whatever  wear  oc- 
curs is  evenly  distributed  over  the  en- 
tire surface  of  the  steel  ball.  Vibration 
merely  causes  a  rolling  motion  on  the 
ball,  instead  of  a  running  one.  More- 
over, if  one  jewel  is  accidentally  in- 
jured to  such  an  extent  as  to  prevent 
rotation  between  itself  and  _  the  ball, 
the  bearing  of  the  meter  is  still  as 
good  as  the  ordinary  pivot  form. 

When  the  superior  features  of  this 
type  of  bearings  were  fully  recognized, 
a  series  of  experiments  was  under- 
taken to  determine  the  best  relations 
between  the  jewel  and  the  ball.  After 
this  had  been  determined  a  number  of 
wattmeters  were  built  with  this  form 
of  bearing.  A  similar  number  of 
wattmeters  with  the  standard  form  of 
bearing  were  also  selected,  and  special 
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care  was  taken  to  have  the  bearings 
of  all  as  carefully  and  accurately  made 
as  possible. 

These  meters,  all  of  the  same  ca- 
pacity, were  carefully  calibrated  and 
adjusted,  and  all  were  connected  to 
measure  the  same  load  and  so  ar- 
ranged that  they  would  run  continu- 


A  and  B,  that  with  either  form  of 
bearing,  the  wear  was  not  sufficient  to 
affect  the  accuracy  until  the  meters 
had  made  ten  million  revolutions, 
when  the  meters  having  the  regular 
pivot  bearings  commenced  to  slow 
down  slightly  on  full  load  and  quite 
rapidly   on   one-tenth    load.     On   the 
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ously  on  this  load  at  full  speed.  This 
test  was  conducted  without  interrup- 
tion for  one  year,  during  which  time 
the  meters  were  stopped  only  at  stated 
intervals  to  check  their  calibration. 
During  this  time  they  made  over  four- 
teen million  revolutions.  To  dupli- 
cate this  run  in  actual  service  would 
require  from  four  to  six  years. 

In  Figs.  2  and  3,  the  results  of  this 
test  for  one-fiftieth  load,  one-tenth 
load  and  full  load  are  shown  graphi- 
cally.    It  will  be  noted  in  the  curves 


other  hand,  the  accuracy  of  the  meters 
with  cup  and  ball  bearings  had  not 
been  affected  by  wear  at  full  load  even 
up  to  fifteen  million  revolutions  and 
only  very  slightly  at  one-tenth  load. 

On  the  lighter  loads,  however,  the 
wide  difference  in  the  amount  of  wear 
in  the  two  types  of  bearings  is  most 
marked.  Referring  to  Figs.  2  and  3, 
the  curve  C,  in  which  the  effect  at 
one-fiftieth  load  is  plotted  after  ten 
million  revolutions,  which  would  be 
an  equivalent  of  at  least  three  years' 


service  in  the  ordinary  residence,  the 
average  speeds  of  the  meters  with 
standard  forms  of  bearings  dropped 
30  per  cent.,  while  the  average  slow- 
ing down  of  the  meters  with  cup  and 
ball  bearings  is  only  5  per  cent. 

This  remarkable  performance 
shows  conclusively  how  slight  the 
wear  and  resulting  friction  is  with  this 
form  of  bearing.  As  a  matter  of  fact, 
the  meters  with  this  new  bearing  in- 
dicated a  permanency  on  one-hun- 
dredth load  which  was  as  good  as  on 
the  one-fiftieth  load.  From  this  time 
on  the  wear  became  more  apparent 
with  both  forms  of  bearings.  At  the 
end  of  a  year  of  continuous  operation, 
when  the  meters  had  all  made  fifteen 
million  revolutions,  the  meters  with 
regular  bearings  had  slowed  down  68 
per  cent,  on  one-fiftieth  load  and  8^ 
per  cent,  on  one-tenth  load,  while  the 
cup  and  ball  bearing  was  22  per  cent, 
slow  on  one-fiftieth  load,  but  only  a 
little  more  than  1  per  cent,  slow  on 
one-tenth  load.  In  conducting  this 
test,  great  care  was  taken  to  duplicate 
as  closely  as  possible  actual  operating 
conditions. 


Experiments  have  shown  that  the 
well-known  phenomenon  of  the  speak- 
ing arc  lamp  is  not  confined  to  the 
electric  arc  lamp,  but  that  the  Bun- 
sen  and  other  similar  lamps  are  cap- 
able of  reproducing  speech  under  con- 
ditions practically  similar  to  those 
employed  in  the  case  of  the  electric 
arc,  one  terminal  of  the  secondary 
of  the  usual  induction  coil  being  in- 
troduced into  the  flame,  the  other  at- 
tached to  the  metallic  burner  of  the 
lamp.  The  primary  of  the  induction 
coil  is  in  series  with  a  battery  and  a 
microphone  transmitter,  which  is 
placed  some  distance  from  the  flame. 
When  the  transmitter  is  spoken  into 
the  voice  is  clearly  reproduced  by  the 
flame. 


The  filament  in  glass  lamps  gradu- 
ally diminishes  in  diameter  in  conse- 
quence of  the  slow  volatilization  of  the 
carbon.  According  to  the  "Elektro- 
technische  Rundschau,"  of  Berlin,  a 
German  firm  introduces  into  the  glass 
globe  certain  chemical  compounds 
with  a  high  boiling  point ;  these,  under 
the  influence  of  the  temperature  in  the 
lamp  bulb,  slowly  give  off  vapors  con- 
taining carbon  which  is  deposited  on 
the  filament,  thus  making  up,  to  a 
large  extent,  for  the  loss  caused  by  the 
volatilization  referred  to.  Besides  it 
is  claimed  to  keep  the  resistance  and 
the  brightness  of  the  lamp  more  uni- 
form throughout  its  useful  life. 


Electrical   ©Liid  Mechanics!  Progress 


The  La.rgest  Stea.m  Turbine 
Electric  Unit 


w 


HAT  will  be  the  largest  steam 
turbine-driven  unit  which  has 
been  built  so  far,  will  prob- 
ably be  the  one  for  which  the  Essen, 
Germany,  electric  central  station  has 
recently  given  an  order  to  Messrs. 
Brown,  Boveri  &  Company,  of  Baden, 
Switzerland.  It  will  consist  of  a 
steam  turbine  direct-coupled  both  to 
a  5,000  kw.,  5,000-volt,  three-phase 
alternator,  and  a  1,500  kw.,  600-volt, 
direct-current  generator.  The  com- 
bined output  of  these  two  generators 
will  absorb  about  10,000  horse-power, 
measured  at  the  turbine  shaft. 

The  completed  unit  will  be  about 
60  feet  long;  the  height  and  width  will 
be  less  than  10  feet.  The  turbine 
itself  will  be  about  23  feet  long.  The 
unit  will  be  so  arranged  that  each  in- 
dividual part  can  be  attended  to  from 
the  engine-room  floor,  thus  obviating 
the  necessity  for  men  running  up 
and  down  several  floors,  as  is  the  case 
with  vertical  reciprocating  engines  or 
turbines.  As  regards  the  efficiency 
of  this  enormous  group,  it  is  guaran- 
teed that  the  steam  consumption  per 
kilowatt-hour  will  be  less  than  15 -| 
pounds.  This  figure  corresponds  to 
a  steam  consumption  of  about  9 
pounds  per  indicated  horse-power  per 
hour. 


A  Portable  Electric  Hoist 

IN   addition  to  the  illustrations   of 
electric  hoists  given  in  the  article 
on  "Electric  Motor-Driven  Hoists 
and  Derricks,"  elsewhere  in  this  issue, 
attention  is  here  directed  to  a  special 
form  of  portable  electric  hoist  made  by 


the  Lidgerwood  Manufacturing  Com- 
pany, of  New  York. 

It  is  a  double-friction-drum  direct- 
current  hoist,  with  winch  heads  on  the 
drum  shafts,  mounted  on  dock  wheels. 
Eye  bolts  and  dogs  are  furnished  if 
desired,  to  be  driven  into  convenient 
places  to  hold  the  machine  stationary. 
The  general  design  of  the  outfit  is  well 
shown  in  the  illustration  on  this  page, 
and  its  convenience  for  dock  service 
can  be  readily  appreciated. 


for  example,  by  its  makers,  the 
Mosher  Water-Tube  Boiler  Company, 
of  New  York. 

It  may  not  be  amiss,  therefore,  to 
call  attention  anew  to  its  character- 
istics with  the  help  of  the  illustrations 
on  this  page.  The  boiler  is  made  up  es- 
sentially of  a  steam  and  a  water  drum, 
tubes  connecting  the  two  drums, 
and  a  circulating  pipe.  The  steam 
drum  is  supported  at  each  end  by  the 
circulating  pipe   which   conducts  the 


PORTABLE     ELECTRIC     DOUBLE-DRUM      HOIST,      MADE     BY     THE     LIDGERWOOD     MFG.     CO., 

NEW   YORK 


The  Mosher  Boiler 

T^HE    Mosher   water-tube   boiler, 
which  has  become  well  known 
in  marine  practice,  is  now  be- 
ing exploited  for  stationary  service  as 
well  as  for  electric  central  station  work 


water  from  the  drum  under  the  grate- 
to  the  water  drum,  which  it  supports 
at  the  back  of  this  grate.     The  heads 
of  both  drums  are  provided  with  man- 
holes. 

The  regular  tubes  connecting  the 
drums  are  arranged  in  vertical  rows  of 
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six  each,  staggered  and  placed  so 
close  together  that  each  tube  acts  as 
a  baffle  for  the  tubes  below  it,  helping 
to  distribute  the  gases  over  the  entire 
surface  of  the  tubes  and  sweeping 
them  clear  of  all  ashes  and  soot.  No 
baffle  plates,  are  used,  and  all  angles 
.and  corners  liable  to  collect  dust  and 
soot  are  avoided  as  much  as  'possible. 
The  tubes  are  accessible  for  cleaning 
and  removal  by  a  row  of  handholes  in 
the  front  of  the  steam  drum,  the 
curvature  of  the  tubes  being  such  as 
to  admit  of  their  being  readily  taken 
out.  Five  vertical  rows  of  six  tubes 
-each  are  accessible  from  each  hole. 

The    handholes    are    closed    by    a 
special   plug  or   cover   which   consist 


\OlO; 


THESE  DIAGRAMS  ILLUSTRATE  WHY  SOME 
BOILER  TUBES  BECOME  COVERED  WITH  SOOT  AND 
ASHES  AND  REMAIN  SO,  AND  ALSO  WHY  THE 
TUBES  OF  THE  MOSHER  BOILER  ARE  KEPT  CLEAR 

of  a  conical-headed  bolt  provided  with 
a  short  piece  of  copper  tube,  a  washer 
and  nut.  The  head  of  the  bolt  and 
copper  tube  may  be  inserted  in  the 
handhole  from  the  outside  of  the 
drum,  after  which  the  nut  may  be 
screwed  up,  thereby  flaring  the  end  of 
the  copper  tube  by  drawing  the  coni- 
cal head  of  the  bolt  into  the  same, 
thus  forming  a  steamtight  metallic 
joint,  the  pressure  always  being  on 
the  head  of  the  bolt,  thereby  increas- 
ing the  tightness  of  the  joint. 

One  of  the  features  of  the  Mosher 
boiler  is  to  be  found  in  an  economizer 
which  is  incorporated  in  it.  This  feed 
heater   consists   of   two   water   drums 


into  which  are  expanded  slightly 
curved  tubes,  accessible  for  cleaning 
and  removal  in  much  the  same  man- 
ner as  those  of  the  boiler  proper.  It 
is  placed  above  the  boiler,  intercept- 
ing the  gases  on  their  way  to  the  flue. 
The  drums  of  the  feed-water  heater 
are  out  of  the  path  of  the  gases  of 
combustion,  thus  making  it  impos- 
sible to  injure  them,  regardless  of  the 
amount  of  scale  or  sediment  that  may 
collect  in  them. 

The  water  first  enters  the  lower 
drum  of  the  feed-water  heater  and 
passes  through  the  heater  tubes  to  the 
steam  drum  of  the  boiler,  whence  it 
passes  through  the  circulating  pipes 
to  the  water  drum  and  thence  into 
the  tube  system  where  it  is  evapo- 
rated. The  tubes  have  a  steep  in- 
clination which,  in  a  measure,  pre- 
vents the  steam  from  clinging  to  them 
in  bubbles  or  collecting  in  small  an- 
gles or  pockets.  The  steam  drum 
provides  ample  room  for  the  storage 
of  steam. 

The  boiler  is  constructed  in  stand- 
ard sizes  up  to  2,500  square  feet  of 
heating  surface  and  in  larger  sizes  to 
meet  any  special  requirements.  The 
standard  boilers  are  fitted  with  cast- 
iron  grate  bars,  but  wrought  iron  bars 
may  be  fitted  when  required  for  spe- 
cial service. 


A  1,500  Horse-Power  Motor  Starter 

PROBABLY  the  largest  motor- 
starting  rheostat  ever  construct- 
ed was  recently  built  by  the 
Cutler-Hammer  Manufacturing  Com- 
pany, of  Milwaukee,  Wis.,  and  a  very 
good  idea  of  its  design  may  be  had 
from  the  cuts  on  the  next  page. 
It  is  to  be  used  in  starting  a  1,500 
horse-power,   500-volt  motor   at   fre- 


quent intervals  under  full  load,  and 
on  account  of  the  unusual  capacity  of 
the  installation,  the  following  descrip- 
tion of  the  apparatus  may  be  of  in- 
terest. 

In  design  the  starter  is  similar  to 
the  well-known  Cutler-Hammer  mul- 
tiple-switch type,  having  a  plurality  of 
switch  levers,  mounted  on  a  slate 
panel,  each  switch  lever  being  used 
for  cutting  out  a  portion  of  the  re- 
sistance. In  the  present  case  nine 
toggle-joint  switches  are  employed, 
supported  by  a  horizontal  steel  rod 
and  free  to  swing  thereon.  Each 
switch  is  similar  to  a  circuit-breaker 
with  the  tripping-coil  omitted,  being 
provided  with  a  laminated  leaf  main 
contact,  an  auxiliary  copper  bar  con- 
tact, and  a  renewable  carbon  block, 
which  makes  contact  with  another 
carbon  block  on  closing  the  switch 
before  the  main  brush  makes  con- 
tact, and  upon  opening  leaves  the  car- 
bon block  after  the  main  contact,  thus 


THE    HAND-HOLE    PLUGS    OF    THE    MOSHER 
BOILER 

taking  any  arc  that  would  be  formed 
should  the  operator  partially  close 
the  switch  and  then  open  it  again. 

Each  switch  is  held  in  its  full  closed 
position  by  a  steel  catch,  which  hooks 
over  the  edge  of  a  cast-iron  dog  piv- 
oted to  the  switchboard  in  front  of 
each  switch.  This  arrangement  forms 
a  mechanical  interlock,  so  that  when 
the  first  switch  is  closed,  it  lifts  the 
dog  in  front  of  the  second  switch,  per- 
mitting this  switch  to  be  closed,  which 


March,  J  904 


THE      ELECTRICAL      AGE 


169 


then  lifts  the  dog  in  front  of  the  third 
switch,  and  so  on  until  all  the  switches 
are  closed  in  their  proper  order.  The 
first  switch  is  held  closed  by  a  steel 
catch  hooking  over  a  soft  iron  arma- 
ture, attracted  by  a  small  retaining 
magnet,  consuming  about  10  watts  of 
energy.  When  the  supply  of  current 
is  shut  off,  this  magnet  becomes  de- 
energized  and  releases  the  first  switch, 
thereby  opening  the  motor  circuit, 
and  as  the  first  switch  flies  open,  it 
allows  the  dog  in  front  of  the  second 
switch  to  drop,  and  thus  releases  the 
catch  which  holds  the  second  switch 
closed.  This  second  switch  then  flies 
open  and  releases  the  third  switch  in 
a  like  manner,  and  so  on  until  all  the 
switches  are  open.  Every  switch 
lever  is  thus  automatically  returned 
to  the  starting  position  as  soon  as  the 
current  supply  is  interrupted. 

In  building  starters  of  very  large 
capacity,  it  is  the  practice  of  the  Cut- 
ler-Hammer Manufacturing  Com- 
pany to  utilize  iron  pipe  for  the  start- 
ing resistance,  carrying  off  the  heat 
developed  by  the  current  in  the  pipe 
by  connecting  the  latter  with  a  water 
supply.  The  closing  of  the  first 
switch  opens  a  valve  mounted  on  the 
back  of  the  switchboard,  and  therebv 
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rent  is  shut  off,  the 
first  lever  flies 
open  and  recloses 
the  water  admis- 
sion valve,  and  the 
last  lever  also  flies 
open  and  reopens 
the  water  exhaust 
valve,  so  that  all 
mechanism  is  au- 
tomatically put  in 
position  for  an- 
other start. 

The  advantages 
claimed  for  the 
multiple  -  switch 
type  of  motor  start- 
er, as  compared 
with  the  ordinary 
form  of  starting 
box  employing  a 
single  lever  mov- 
ing over  a  large 
number  of  con- 
tacts,  may  be 
briefly  enumerated 
as  follows : 

1.— It  is  practically  impossible  for 
the  operator  in  cutting  out  the  start- 
ing resistance  to  close  the  numerous 
switches  with  sufficient  rapidity  to 
cause  the  flow  of  abnormal  currents 
under  normal  load  conditions.  With 
the  sliding-contact  type,  however, 
there  is  nothing  to  prevent  the  op- 
erator from  moving  the  starting  lever 
with  great  rapidity,  which  would  re- 
sult in  severe  sparking  on  the  con- 
tacts and  brushes  of  both  the  starter 
and  the  motor,  and  the  blowing  of 
fuses  and  throwing  of  circuit-breakers 
installed  on  the  line. 

good,  firm  contact  is  made 
the  instant  any  one  of  the  levers  is 
closed,  thus  eliminating  the  sparking 
and  spitting  which  always  occurs  to  a 
or  "less   extent   in   starting   a 
loaded  motor  with  the  slid- 
ing-contact type  of  starter. 
3. — Since  with  the  mul- 
tiple-switch  type   there   is 
absolutely  no  sparking  on 


A     SIDE    VIEW    OF    THE    CUTLER-HAMMER  LARGE 
RHEOSTAT 


admits  water  to  the  pipe  resistance. 
When  the  last  switch  is  closed,  it 
closes  another  valve  which  connects 
the  pipe  resistance  with  the  sewer  or 
drain  pipe.     When  the  supply  of  cur- 


its  contacts  when  cutting 
out  the  starting  resistance, 
it  becomes  practical  to 
greatly  reduce  the  number 
of  resistance  steps  used. 
The  sliding-contact  type, 
on  the  contrary,  must  be 
provided  with  a  constantly 
increasing  number  of  steps 
as  the  motors  increase  in 
size,  not  for  the  purpose  of 
more  smoothly  acceler- 
ating the  motor,  but  for 
the  sole  purpose  of  reduc- 
ing the  sparking  which  occurs  when 
moving  a  sliding  contact  from  one 
segment  to  the  next.  A  large  num- 
ber of  segments  are  for  a  similar  rea- 
son  necessary  in   a  commutator,  not 


MOTOR-STARTING    RHEOSTAT,     MADE    BY 
HAMMER    MFG.    CO.,    MILWAUKEE,   WIS. 

for  the  purpose  of  reducing  the  pulsa- 
tions of  current  or  voltage,  but  only 
to  reduce  sparking  as  the  various 
armature  windings  are  cut  in  and  out 
of  circuit.  For  all  practical  purposes 
a  motor  can  be  accelerated  under  load 
just  as  smoothly  with  ten  steps  of 
starting  resistance  as  with  a  hundred,, 
and  it  is,  moreover,  immaterial 
whether  the  mottor  be  of  10  horse- 
power or  1,000  horse-power. 

4. — While  it  would  be  possible  to 
construct  a  sliding-contact  type  start- 
er for,  say,  a  1,500  horse-power  motor, 
the  apparatus  would  necessary  be  of 
such  large  size  as  to  require  a  small 
motor  to  turn  the  rheostat  lever,  and 
would  be  come  practically  a  commer- 
cial monstrosity.  Large  motors  are 
usually  started,  by  those  who  do  not 
employ  the  multiple-switch  type  of 
starter,  by  means  of  very  large  drum 
controllers,  which  not  only  cost  a 
great  deal  more,  but  contain  none  of 
the  advantages  enumerated  above, 
and  also  lose  the  protection  afforded 
by  the  automatic  no-voltage  release 
feature. 

In  the  past  three  years  the  Cutler- 
Hammer  Manufacturing  Company 
have  manufactured  a  large  number  of 
multiple-switch  starters  of  various 
sizes,  made  under  basic  patents  grant- 
ed to  H.  H.  Cutler.  These  starters 
are  carried  in  stock  complete  in  sizes 
from  10  100  horse-power,  and  larger 
sizes  up  to  2,000  horse-power  are  as- 
sembled from  standard  parts  kept  on 
hand  at  all  times. 


Three  hundred  thousand  incandes- 
cent electric  lamps,  so  it  is  said,  will 
be  used  in  lighting  the  St.  Louis  Ex- 
position buildings. 
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Standard  Size  Trade  Catalogues 

THE  problem  of  satisfactorily 
filing  catalogues  is  a  most  per- 
plexing one;  in  fact,  it  is  so 
difficult  that  in  very  many  instances 
no  effort  is  made  to  keep  them  in  or- 
der. In  large  part  this  is  due  to  the 
fact  that  it  is  rare  to  find  two  cata- 
logues of  exactly  the  same  size;  one 
may  find  them  of  any  size  from  3^ 
inches  on  the  binding  edge  with  a 
a  foot  or  more  up  to  15 
the  binding  edge  with  a 
3^-  inches  to  20  inches, 
extreme  dimensions,  but 
as  does  every  possible  size 
limits  named. 
The  principal  reason  for  this  unfor- 
tunate condition  is  lack  of  thought  or 
attention  in  preparation  and  printing. 
Many  times  the  work  is  turned  over 
to  inexperienced  persons;  new  cuts 
are  ordered  without  regard  for  the 
conditions  to  be  met,  or  perhaps  a  lot 
of  engravings  are  gathered  together 
and,  with  rough  and  poorly  prepared 
manuscript,  are  hurried  off  to  the 
printer,  who  is  told  to  get  out  the 
catalogue.  The  matter  of 
size  is  probably  left  to  the 
latter,  or  at  most,  the  desired 
dimensions  are  given  only 
approximately.  A  definite 
specification  for  the  paper 
stock  to  be  used  may  be 
given,  but  more  likely  it  is 
not;  hence,  the  printer  may 
conclude  to  work  up  some 
paper  he  has  on  hand,  and 
the  size  of  the  catalogue  is 
made  to  fit  the  stock.  Thus 
arises  the  multitude  of  sizes  that  exist. 
There  is  no  more  reason  for  these 
"misfit"  catalogues  than  there  is  for 
bad  work  in  any  other  direction.  The 
manufacturer  is  the  loser,  and  if  the 
facts  could  be  ascertained  the  figures, 
representing  the  cost  of  literature  al- 
most thrown  away  by  reason  of  the 
difficulties  of  filing,  would  certainly 
be  startling. 

Steam  railroad  officials  were  the 
first  to  recognize  these  difficulties, 
and  approximately  ten  years  ago  took 
up  the  question  of  standardizing  both 
literature  and  stationery.  The  sizes 
which  were  recommended  by  their 
committee  were  as  follows:- — Letter 
paper,  8tV"  x  11";  memoranda,  8-J"  x 
51";  catalogues,  3-|"  x  6",  6"  x  9", 
and  9"  x  12"  ;  index  cards,  3"  x  5",  and 
4"  x  6".  These  sizes  have  become 
standards  with  them  and  with  many 
outside  of  the  railroad  field;  files  are 
provided  for  the  preservation  of  litera- 
ture and  stationery  that  conform  to  the 
sizes  given.  Catalogues  and  pam- 
phlets of  other  dimensions  are  pre- 
served only  when  necessity  demands  it. 
Printers    have    become    so    accus- 


AN  ELECTRICALLY-DRIVEN   ARMATURE  PRESS,    MADE 
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tomed  to  cutting  only  approximately 
to  size  that  they  are  not  likely  to  un- 
derstand that  if  9  x  6  inches  are  speci- 
fied, that  size  is  actually  meant.  The 
catalogue  is  more  likely  to  be  cut  to 


8f"  x  6^",  or  some  other  approximate 
dimension.  Unless,  therefore,  it  is 
distinctly  understood  that  the  dimen- 
sions ordered  must  be  delivered,  or 
the  work  will  be  rejected,  the  man 
who  orders  the  catalogue  will  not  get 
what  he  wants.  This  it  is  well  to  bear 
in  mind  in  getting  ready  for  new 
trade  literature. 


A  Hydro-Electric  Armature  Press 

THE  30-ton  armature  press  shown 
in  the  illustration  on  this  page, 
and  made  by  the  Watson-Still- 
man  Company,  New  York,  represents 
an  interesting  combination  of  motive 
powers, — hydraulic  and  electric,  the 
electric  motor,  shown  mounted  on  the 
top  of  the  machine,  driving  the  pump 
which  supplies  the  pressure  water  for 
the  hydraulic  ram. 

The  upper  beam  revolves  upon  ball 
bearings  to  permit  of  its  being  easily 
pushed  out  of  the  way  to  allow  of  the 
armature  being  built  up  or  more  discs 
being  put  on  the  shaft  without  remov- 
ing it  from  the  press.  The  motor  is 
one  made  by  the  Westinghouse  Elec- 
tric &  Manufacturing  Company. 

It  has  a  4"  rawhide  pinion  on  the 
armature  shaft  meshing  with  a  cut 
gear,  24"  by  3"  in  diameter.  This  is 
upon  the  pump  shaft.  The  pump  has 
a  piston  f "  in  diameter  and  is  double 
acting.  The  press  ram  has  a  motion 
of  9".  The  distance  between  rods  is 
1 5V'.  The  removable  "U"  block  is 
18"  high  and  its  top  9"  from  the  lower 
side  of  the  swinging  beam.  The  jaw 
of  the  beam  and  the  block  are  large 
enough  to  permit  of  the  pressing  of 
work  on  a  3"  shaft. 

The  press,  complete  as  shown, 
weighs  2,200  pounds,  including  the 
motor. 
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WO  types  of  transformers  have 
been  extensively  used  in  elec- 
trical installations  up  to  date, 
distinguished  by  the  method  of  insula- 
tion and  cooling  employed.  The  "oil 
transformer"  relies  upon  oil  as  the 
cooling  and  insulating  fluid.  The 
"air-blast  transformer"  contains  in- 
sulation _material  mainly  of  cloth, 
paper,  and  wood  impregnated  with  oil 
or  varnish,  and  is  cooled  by  the  circu- 
lation of  a  blast  of  air.  In  both  types 
the  insulating  material  is  of  an  inflam- 


mable nature  and  under  certain  ab- 
normal conditions  may  take  fire  with 
more  or  less  serious  consequences. 

The  electrical  engineer  must,  there- 
fore, consider  carefully  not  only  the 
relative  but  the  actual  fire-hazard 
which  exists,  and  by  proper  and  com- 
mon sense  methods  minimize  such 
danger.  Both  types  can  be  made  en- 
tirely safe  by  correct  methods  of  de- 
sign and  installation. 

I  think  it  will  be  admitted  that  in 
that  type  which  contains  the 


general 


March,  1904 


THE     ELECTRICAL     AGE 


171 


greater  quantity  of  inflammable  mate- 
rial will  occasion  the  greater  fire-haz- 
ard. The  inflammable  material  in  an 
air-blast  transformer  of  say  1,000 
K.W.  capacity  will  amount  to  about 
800  pounds;  in  an  oil-cooled  trans- 
former of  the  same  capacity  the 
amount  will  be  about  7,300  pounds. 
While  this  comparison  cannot  be 
taken  as  a  measure  of  the  relative  fire- 
risk,  it  is  an  indication  to  be  consid- 
ered, especially  in  view  of  the  fluidity, 
the  low  temperature  of  ignition,  and 
high  calorific  value  of  oil. 

While  the  quantity  of  inflammable 
material  in  an  air-blast  transformer  is, 
as  stated,  relatively  small,  it  has  an  ex- 
tended surface  exposed  to  a  large  vol- 
ume of  air,  and  therefore,  if  a  fire 
starts  from  internal  causes,  such  as 
short-circuit  or  extreme  overload,  is 
capable  of  rapid  combustion.  This 
combustion  could  be  checked  by 
shutting  off  the  flow  of  air  to  a  trans- 
former by  means  of  a  diaphragm  auto- 
matically closed  by  the  melting  of  a 
fusible  link,  the  fusible  link  so  located 
as  to  be  melted  by  the  first  contact 
with  flame, — a  method  similar  to  that 
employed  for  closing  fire  doors  in 
buildings. 

An  oil-transformer,  properly  cooled, 
is  probably  not  particularly  subject  to 
ignition  of  the  oil  from  internal  burn- 
outs or  arcs.  It  is  well-known  that 
oil  is  an  excellent  medium  for  the 
smothering  of  alternating  arcs,  and 
this  principle  is  utilzed  in  connection 
with  oil-switches. 

The  vapor  above  the  oil  may,  how- 
ever, be  ignited  by  electrical  dis- 
charges. Even  in  this  case,  while  the 
quantity  of  combustible  material  is 
enormous,  the  surface  exposed  is  rela- 
tively small.  The  principal  fire-haz- 
ard in  an  oil  transformer  is  due  to  the 
large  mass  of  inflammable  liquid 
material  which  under  certain  condi- 
tions may  become  totally  consumed. 
It  becomes  a  special  hazard  in  the 
case  of  fire  from  sources  external  to 
itself. 

Considerations  of  first  cost,  econ- 
omy of  space,  simplicity,  operating 
costs,  etc.,  have  resulted  in  placing 
transformers  in  the  same  room  with 
switchboards  and  other  apparatus, 
such  as  synchronous  converters,  mo- 
tor-generators, etc.  Under  such  con- 
ditions, it  would  seem  that  the 
air-blast  transformer  constituted  the 
lesser  fire-risk  than  the  oil  transform- 
er, and  would  therefore  be  generally 
employed  if  the  fire-risk  were  the  only 
consideration.  The  air-blast  type, 
however,  is  limited  in  practice  to  pres- 
sures of  about  30,000  to  35,000,  as  the 
static  discharge  which  occurs  at  much 
higher  pressures  would  in  time  break 
down  the  insulation.  It  is  therefore 
necessary  to  employ  oil  insulation  on 


the  higher  pressures  now  common. 

The  fire-risk  can  be  practically 
eliminated  by  placing  such  trans- 
formers in  a  room  or  rooms  separated 
by  suitable  fire  walls  from  the  other 
part  of  the  plant.  This  plan  has  al- 
ready been  proposed  and  introduced. 
An  entirely .  separate  building,  sub- 
divided again  into  suitable  rooms, 
may  be  employed  where  the  maxi- 
mum of  safety  is  demanded.  Much 
may  be  done  to  limit  the  risk,  even 
when  the  transformers  are  placed  in 
the  same  room  with  other  apparatus, 
by  proper  systems  of  piping  for  drain- 
age of  the  oil  away  from  the  building, 
by  placing  the  transformers  in  a  de- 
pressed area  of  concrete  arranged  for 
rapid  drainage,  etc.  Of  course,  any 
of  the  methods  commonly  employed 
for  preventing,  limiting,  or  extin- 
guishing oil  fires  may  properly  be  em- 
ployed. 

A  discussion  of  this  subject  is  both 
timely  and  important.  It  is  well  for 
engineers  to  consider  carefully  the 
dangers  of  all  kinds,  both  to  life  and 
to  property,  that  may  exist  in  connec- 
tion with  the  use  of  electrical  appli- 
ances. The  art  is  not  advanced  by 
ignoring  or  belittling  the  existence  of 
real  difficulties,  but  rather  by  intelli- 
gently facing  the  problems  which  oc- 
cur and  seeking  a  proper  solution. 
Electrical  energy  is  capable  of  being 
produced,  handled,  and  transmitted 
more  safely  than  any  other  form  of 
energy,  and  such  dangers  as  exist 
usually  can  be  foreseen  and  safe  reme- 
dies can  be  applied.  On  the  other 
hand,  we  must  not  exaggerate  the 
danger  of  fire  from  the  use  of  trans- 
formers of  either  the  oil  or  air-blast 
type.  I  believe  the  fire-hazard  is  ex- 
tremely small,  and  can  be  and  is  being 
reduced  to  a  negligible  quantity  by 
the  adoption  of  methods  similar  to 
those  I  have  outlined  here. 


It  is  announced  that  formative  plans 
are  now  under  way  to  conduct  an  un- 
usual celebration  commemorating  the 
opening  of  the  New  York  rapid  tran- 
sit subway  some  time  in  June  of  the 
present  year.  Invitations  will  be  ex- 
tended to  the  President  of  the  United 
States,  Cabinet  officers,  Supreme 
Court  justices  and  others  connected 
with  the  national  government.  Gov- 
ernor Odell,  of  New  York,  and  the 
Governors  of  other  States  and  Mayors 
of  leading  cities  of  this  country  and 
the  principal  cities  of  Europe  will  also 
be  invited.  Addresses  will  be  deliv- 
ered both  by  statesmen  and  the  heads 
of  the  company  undertaking  the  work. 


The  next  meeting  of  the  National 
Electric  Light  Association  will  be 
held  at  Boston  on  May  24,  25  and  26. 


Cha.nges|  irv    the    Allis-Chalmers 
Company's    Business 

ONE  of  the  most  interesting  busi- 
ness announcements  of  the 
month  has  been  the  one  to  the 
effect  that  President  Charles  Allis,  of 
the  Allis-Chalmers  Company,  of  Chi- 
cago, the  largest  machinery  manufac- 
turers in  this  country,  has  resigned 
and  will  retire  from  the  active  man- 
agement of  the  business  and  that  the 
company  has  entered  into  an  agree- 
ment with  the  Bullock  Electric  Manu- 
facturing Company,  of  Cincinnati, 
whereby  the  business  of  the  two  com- 
panies will  hereafter  be  carried  on  as 
that  of  a  single  interest.  In  connec- 
tion with  the  Bullock  Company's  af- 
fairs, Joseph  S.  Neave,  vice-president 
of  the  company,  is  quoted  as  fol- 
lows:— ■ 

"The  present  Bullock  Electric 
Manufacturing  Company  will  remain 
intact.  The  same  officers  will  be 
continued,  and  also  the  same  manage- 
ment. The  old  company  is  incorpo- 
rated according  to  the  laws  of  New 
Jersey.  There  will  be  another  Bul- 
lock Electric  Manufacturing  Com- 
pany formed  according  to  the  laws  of 
Ohio.  This  will  be  the  leasing  com- 
pany of  the  plant,  and  this  company 
will  run  the  Bullock  plant  as  it  is  run 
at  the  present  time.  In  fact,  the  Bul- 
lock Electric  Manufacturing  Com- 
pany and  the  Allis-Chalmers  plants 
will  be  run  as  if  they  were  one  con- 
cern. The  Allis-Chalmers  Company 
guarantees  to  pay  the  6  per  cent,  divi- 
dend on  the  preferred  stock  of  the 
Bullock  Company.  It  goes  further; 
the  Allis-Chalmers  Company  agrees 
to  pay  6  per  cent,  on  the  common 
stock  of  the  old  Bullock  Electric  Man- 
ufacturing Company  for  all  the  assets 
of  the  Bullock  Electric  Company  that 
are  over  and  above  the  valuation  of 
the  preferred  stock. 

"As  an  explanation  of  the  payment 
of  dividends  for  the  common  on  the 
quick  assets  of  the  company,  it  might 
be  stated  that  the  preferred  stock  of 
the  present  Bullock  Company 
amounts  to  $1,100,000,  and  the  com- 
mon to  $1,000,000.  Thus,  after  the 
valuation  of  the  plant  has  covered  the 
preferred  stock  and  there  should  be, 
for  instance,  $500,000  of  what  is 
termed  quick  assets  over,  the  Allis- 
Chalmers  Company  guarantees,  dur- 
ing the  life  of  the  lease,  6  per  cent,  on 
this  amount  for  the  Bullock  common 
stock. 

"Besides  the  payment  of  these  divi- 
dends," continued  Mr.  Neave,  "the 
Allis-Chalmers  Company  agrees  to 
divide  the  profits  of  the  concern  be- 
tween the  new  company  and  the  com- 
mon stock  of  the  old  company.  This 
will  tend  to  make  the  earning  power 
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of  the  common  stock  of  the  old  com- 
pany a  great  deal  more  than  it  is  at 
the  present  time. 

"As  a  result  of  this  deal  with  the 
Allis-Chalmers  Company,  the  present 
capacity  of  the  Bullock  electrical 
works  is  to  be  enlarged.  The  first 
thing  that  will  be  done  will  be  to  erect 
another  large  shop,  with  an  area  of 
40,000  sq.  ft.,  where  motors  for  street 
cars  will  be  manufactured.  This  will 
mean  the  employment  of  about  400 
more  hands.  It  is  the  intention  of  the 
new  leasing  company  to  enter  actively 
into  the  street  car  equipment  field. 
The  lease  is  for  twenty-five  years  with 
the  privilege  of  renewal  for  another 
twenty-five  years  on  the  same  terms. 
It  is  my  opinion  that  when  the  plants 
that  are  now  under  way  have  been 
completed,  the  Bullock  electrical 
works  will  give  employment  to  from 
2,000  to  3,000  hands." 

The  Allis-Chalmers  Company  an- 
nounce further  that  they  have  com- 
pleted arrangements  for  the  manufac- 
ture of  steam  turbines,  hydraulic  ma- 
chinery, gas  engines  and  electrical 
machinery,  in  addition  to  its  regular 
line  of  big  machinery,  for  which  it  has 
acquired  a  world-wide  reputation. 
The  company  has  become  associated 
with  and  forms  part  of  the  Steam  Tur- 
bine Advisory  Syndicate,  of  England, 
which  is  composed  of  the  Yarrow 
Shipbuilding  Company,  the  Tweedie 
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(Vulcan)  Shipbuilding  Company,  and 
Messrs.  Willans  &  Robinson.  Mr. 
Fullager,  formerly  chief  engineer  of 
the  Parsons  Steam  Turbine  Company, 
of  England,  is  now  the  consulting  en- 
gineer of  the  Steam  Turbine  Advisory 
Syndicate.  The  Allis-Chalmers  Com- 
pany's license  from  the  syndicate  con- 
cedes to  it  the  rights  to  build  the 
steam  turbine  in  the  United  States, 
Canada  and  Mexico,  with  equal  rights 
3—10 


and  privileges  in  South  America  and 
elsewhere  in  the  Western  Hemisphere. 

The  steam  turbine  which  the  Allis- 
Chalmers  Company  will  make  is  a 
horizontal  one, — of  the  Parsons  type. 
The  company  has  also  concluded  ar- 
rangements with  Messrs.  Escher, 
Wyss  &  Co.,  of  Zurich,  Switzerland, 
whereby  it  becomes  the  sole  Ameri- 
can licensee  for  that  firm's  hydraulic 
machinery.  The  American  patents 
for  the  gas  engines  of  the  Nurnberg 
Machine  Company,  of  Nurnberg, 
Germany,  have  also  been  acquired  by 
the  Allis-Chalmers  Company,  as  pre- 
viously announced  in  these  columns, 
so  that  the  company  will  be  prepared 
to  furnish'  engines  of  that  type  of  any 
required  horse-power. 

The  Allis-Chalmers  Company  as  it 
exists  to-day  comprises  the  following 
well-known  manufacturing  con- 
cerns:— The  E.  P.  Allis  Company,  of 
Milwaukee,  Wis.;  the  Fraser  &  Chal- 
mers Company,  of  Chicago ;  the  Gates 
Iron  Works,  of  Chicago ;  the  Dickson 
Manufacturing  Company,  of  Scran- 
ton,  Pa.  In  addition  to  reciprocating- 
engines,  hoisting  engines,  pumping 
engines,  compressors,  steam  turbines, 
water  turbines,  mining  machinery, 
crushers  and  cement  machinery,  the 
Allis-Chalmers  Company  are  the 
largest  makers  of  saw  mill  machinery 
and  flour  mill  machinery,  together 
with  their  accessories. 

The  Western  plants  of  the  Allis- 
Chalmers  Company  are  located  in 
Chicago  and  Milwaukee,  the  latter 
comprising  two  large  plants  employ- 
ing about  forty-five  hundred  men, 
where  reciprocating  engines,  hoisting 
engines,  turbines,  flour  mill"  machin- 
ery and  saw  mill  machinery  are  man- 
ufactured. The  two  plants  in  Chicago 
are  devoted  to  the  manufacturing  of 
mining,  crushing  and  cement  machin- 
ery, employing  eighteen  hundred 
men;  the  works  in  Scranton,  Pa.,  are 
devoted  to  the  manufacture  of  coal 
mining  machinery,  sugar  machinery, 
water  turbines  and  hydraulic  ma- 
chinery, employing  upwards  of  eight 
hundred  men. 

The  new  president  of  the  Allis- 
Chalmers  Company  is  Mr.  B.  H. 
Warren,  well  known  in  the  electrical 
field  from  his  connection,  as  vice- 
president,  with  the  Westinghouse 
Electric  &  Manufacturing  Company. 
His  brother,  Mr.  Arthur  Warren,  un- 
til recently  manager  of  the  Westing- 
house  Companies'  publishing  depart- 
ment, will  organize  and  be  in  charge 
of  the  Allis-Chalmers  Company's  pub- 
licity bureau,  and  Mr.  Asa  M.  Mattice 
will  be  the  chief  engineer  of  the  com- 
pany, having,  to  that  end,  resigned  his 
position  as  chief  engineer  of  the  West- 
inghouse Electric  &  Manufacturing 
Company,  to  take  effect  on  April  1. 


Mr.  Edward  D.  Adams,  the  banker, 
who  has  been  identified  with  the  com- 
pany since  its  organization  a  few  years 
ago,  will  be  the  chairman  of  the  ex- 
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ecutive  committee,  this  step  involving 
the  abolition  of  some  of  the  previously 
existing  committees  and  the  concen- 
tration of  a  great  deal  of  responsibility 
and  power  in  his  hands.  Mr.  Adams 
will,  in  fact,  make  his  offices  at  the 
New  York  headquarters  in  the  Em- 
pire Building  and  give  a  large  amount 
of  his  time  to  Allis-Chalmers  affairs. 


Personal 


Thomas  A.  Edison  has  gone  on  one 
of  his  flying  trips  to  Fort  Myers,  in 
Florida,  to  remain  until  early  in  April. 
The  species  of  relaxation  which  Mr. 
Edison  seeks  at  his  Southern  retreat 
may  be  gauged  to  some  extent  by  the 
fact  that  one  of  the  adjuncts  to  his 
establishment  there  is  a  miniature  edi- 
tion of  his  laboratory  at  Orange,  N.  J., 
in  which  he  finds  a  necessary  and 
agreeable  outlet  for  his  restless  en- 
ergy. 

Aeroplanes  formed  the  subject  of 
some  interesting  remarks  by  Dr. 
Elihu  Thomson  at  the  recent  "dinner 
given  in  honor  of  Professor  S.  P. 
Langley  by  John  Brisben  Walker. 
Dr.  Thomson  thought  that  the  ideal 
machine  for  flying  was  necessarily  a 
species  of  kite  which,  instead  of  hav- 
ing a  string  to  hold  it  up  in  the  air, 
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would  be  pushed  through  the  air  by 
means  of  propellers  somewhat  after 
the  manner  followed  in  Professor 
Langley's  aerodrome  and  other  simi- 


ELIHU    THOMSON 

lar  machines;  hence  the  necessity  for 
further  development  in  producing  an 
engine  of  minimum  weight  per  unit 
of  power  output.  It  is  interesting  to 
note  here  that  Professor  Langley  is 
said  to  have  succeeded  in  obtaining  an 
engine  weighing  between  four  and 
five  pounds  to  the  horse-power. 

G.  P.  Altenberg,  manager  of  the 
foreign  department  of  the  J.  A.  Fay 

&  Egan  Com- 
pany, Cincinnati, 
the  largest  manu- 
facturers of  wood- 
working machin- 
ery in  the  world, 
has  left  for  Eu- 
rope. He  will  first 
visit  England,  and 
after  a  few  weeks' 
sojourn  there  will 
tour  the  Conti- 
nent. He  expects 
to  remain  abroad 
for  several 
months.  While  in 
Paris  Mr.  Altenberg  will  make  his 
headquarters  at  31  Boulevard  Hauss- 
mann. 

At  the  recent  annual  meeting  of  the 
Engineers'  Club,  of  Philadelphia,  Carl 
Hering  was  elected  to  the  presidency 
for  the  year  1904.  This  nourishing 
society  was  organized  over  twenty 
years  ago  and  includes  among  its 
members  practically  all  the  engineers 
in  and  around  Philadelphia.  It  is  the 
only  engineering  society  of  that  city. 
Mr.  Hering  has  been  a  member  of  it 
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Mmiks- 

K^^^l 

^^ 

.    1  1 

CARL    HERING 


for  over  twenty-two  years,  and  during 
most  of  this  time  he  has  taken  an  ac- 
tive part  in  its  meetings.  This  is  the 
first  time  in  the  history  of  that  society 

that     the      presi-      

dency  has  been 
tendered  to  an 
electrical  engi- 
neer. Several 
years  ago  Mr. 
Hering  was  presi- 
dent of  the  Am- 
erican Institute 
of  Electrical  En- 
gineers. He  is 
the  delegate  for 
this  country  of 
the  International 
Society  of  Elec- 
tricians, whose 

headquarters  are  in  Paris,  and  has  re- 
ceived two  decorations  from  the 
French  Government  for  his  services 
as  member  of  the  jury  at  the  Paris 
Exposition  of  1899  and  1900. 

The  Allis-Chalmers  Company  hav- 
ing bought,  as  mentioned  elsewhere, 
the  good  will  and  experience  of 
Messrs.  Escher,  Wyss  &  Co.,  of 
Zurich,  Switzerland,  for  the  construc- 
tion of  all  kinds  of  hydraulic  turbines 
to  be  built  to  order,  and  to  meet  the 

precise  needs  of 
each  particular 
case,  having 
placed  their  re- 
resulting  hydrau- 
lic department  in 
charge  of  Clem- 
ens Herschel, 
well  known  in 
water-power  work 
in  the  United 
States.  The  tur- 
tines  are  to  be 
built  at  the 
Scranton,  Pa., 
shops  of  the 
Allis  -  Chalmers 
Company  and  their  hydraulic  power 
department  will  be  at  the  company's 
New  York  offices. 

John  Fritz,  of  Bethlehem,  Pa.,  Bes- 
semer medalist  and  honorary  member 
of  the  Iron  and  Steel  Institute,  is  pres- 
ident of  the  American  reception  com- 
mittee which  is  preparing  for  the 
coming  meeting  of  the  institute  in  this 
country  in  October  of  this  year.  An 
executive  committee  has  been  organ- 
ized, of  which  C.  Kirchhoff,  of  New 
York,  is  chairman,  the  other  members 
being  Robert  E.  Jennings,  the  treas- 
urer, and  Theodore  Dwight,  the  sec- 
retary. Bennett  H.  Brough,  the 
secretary  of  the  Iron  and  Steel  Insti- 
tute, has  issued  a  list  of  those  mem- 
bers who  have  signified  their  inten- 
tion to  come  to  America.  From  this 
is  appears  that  the  gathering  will  be 
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a  very  large  and  representative  one. 
Mr.  Fritz  was  one  of  the  distinguished 
guests  at  the  dinner  given  to  Thomas 
A.  Edison  at  the  Waldorf-Astoria  on 
February  11,  by  the  American  Insti- 
tute of  Electrican  Engineers. 


JOHN    FRITZ 

In  the  recent  consolidation  of  the 
Allis-Chalmers  and  the  Bullock  Elec- 
tric Manufacturing  Company  inter- 
ests the  services  of  Mr.  B.  A.  Behrend 
have  been  retained  as  chief  electrical 
engineer  of  the  Bullock  Company. 
Mr.  Behrend  is  a  member  of  the 
American  Institute  of  Electrical  En- 
gineers, a  member  of  the  Committee 
on  Standardization,  and  chairman  of 
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the  local  branch  of  the  Institute  at 
Cincinnati.  He  is  also  a  fellow  of  the 
American  Association  for  the  Ad- 
vancement of  Science,  and  has  been 
appointed  a  member  of  the  advisory 
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committee  of  the  International  Elec- 
trical Congress,  to  be  held  at  St.  Louis 
in  September  of  tins  year.  He  has 
written  an  exhaustive  treatise  on 
"The  Induction  Motor,"  which  has 
already  been  translated  into  French 
and  German,  and  has  lectured  at  the 
universities  of  Leland  Stanford,  Mc- 
Gill  and  Wisconsin.  Mr.  Behrend's 
successful  work  during  the  past  four 
years  in  the  design  of  several  hundred 
thousand  kilowatts  of  large  alternat- 
ing and  direct-current  machines,  has 
helped  to  establish  the  engineering 
reputation  of  the  Bullock  Company  as 
a  factor  in  the  building  of  electric 
power  plants  of  the  largest  size. 
Among  Mr.  Behrend's  more  notable 
designs  are  the  municipal  plant  at 
Nashville,  Tenn. ;  5,000-kw.  of  alter- 
nating-current generators  in  Denver, 
Col. ;  five  5,000-kw.  generators  for  the 
Kern  River  Power  Company,  Califor- 
nia; the  generators  for  the  Pacific 
Electric  Railway  Company,  Los  An- 
geles; the  generators  for  the  Mutual 
Electric  Company,  San  Francisco; 
the  frequency  changers  in  Montreal, 
representing  10,000  kw.,  and  numer- 
ous other  plants  of  note  and  interest. 
The  3,500-kw.  generating  unit  which 
will  be  exhibited  by  the  Allis-Chal- 

mers  and  Bul- 
lock Companies 
at  the  St.  Louis 
Fair,  the  largest 
power  unit  at  the 
Exposition,  was 
also  designed  by 
Mr.  Behrend. 

Vice-President 
W.  B.  Rankine, 
of  the  Niagara 
Falls  Power 
Company,  re- 
cently announced 
the  appointment 
of  A.  Howell 
Van  Cleve  as  resident  engineer  of 
that  company  and  its  allied  compa- 
nies, to  fill  the  vacancy  caused  by 
the  resignation  of  William  A.  Brack- 
enridge,  who  has  recently  been 
appointed  to  the  Advisory  Canal 
Board  by  Governor  Odell.  Mr.  Van 
Cleve  has  been 
connected  with 
the  engineer  corps 
of  the  Niagara 
Falls  Power  Com- 
pany continuous- 
ly since  April, 
1892,  and  at  the 
time  of  his  ap- 
pointment as  resi- 
dent engineer  to 
succeed  Mr. 
Brackenridge  he 
occupied  the  posi- 
tion of  assistant 
engineer.  a.  h.  van  cleve 


W.   A.  BRACKENRIDGE 


NikolaTesla  has  issued  an  announce- 
ment to  the  effect  that  with  the  com- 
mercial introduction  of  his  inventions 
he  will  render  professional  services  in 
the  general  capacity  of  consulting 
electrician  and  engineer.  The  near 
future,  he  expects  with  confidence, 
will  be  a  witness  of  revolutionary  de- 


NIKOLA  TESLA 

partures    in    the    production,    trans- 
formation and  transmission  of  energy, 
transportation,  lighting,  manufacture 
of   chemical   compounds,   telegraphy, 
telephony  and  other  arts  and  indus- 
tries.    In  his  opinion,  these  advances 
are  certain  to  follow  from  the  univer- 
sal   adoption    of    high-potential    and 
high-frequency  currents  and  novel  re- 
generative processes  of  refrigeration 
to  very  low  temperatures.     Much  of 
the  old  apparatus  will  have  to  be  im- 
proved, and  much  of  the  new  devel- 
oped, and  he  believes  that  while  fur- 
thering his  own  inventions,  he  will  be 
more    helpful    in    this    evolution    by 
placing  at  the  disposal  of  others  the 
knowledge    and    experience    he    has 
gained.     He  will  give  special  atten- 
tion to  the  solution  of  problems  re- 
quiring both  expert  information  and 
inventive   resource.     He   will   under- 
take   the    experimental    investigation 
and  perfection  of  ideas,  methods  and 
appliances,  the  devising  of  useful  ex- 
pedients and,  in  particular,  the  design 
and  construction  of  machinery  for  the 
attainment  of  desired  results. 

An  interesting  lecture  on  "Electri- 
city from  the  Waterfall"  was  delivered 
recently  by  Dr.  F.  A.  C.  Perrine,  of 
the  Stanley  Electric  Manufacturing 
Company,  of  Pittsfield,  Mass.,  before 
the  Lynn  General  Electric  Engineer- 
ing Society,  of  Lynn,  Mass. 

W.  D.  Baldwin,  president  of  the 
Otis  Elevator  Company,  New  York, 
has  returned  from  a  trip  to  Europe, 
whither  he  recentlv  went  in  connec- 


tion with  the  contract  for  the  large 
passenger  lifts  to  be  installed  in  the 
London  underground  railroad  system 
now  being  constructed  by  the  Charles 
T.  Yerkes  syndicate. 


W.  D.   BALDWIN 

Carl  Schwartz  on  March  1  entered 
the  electric  department  of  the  New 
York  Central  &  Hudson  River  Rail- 
road Company  as  assistant  engineer 
in  charge  of  the  department  for  the 
electrical  equipment  of  the  traction 
power  stations  for  the  electric  opera- 
tion of  the  system.  For  about  a  year 
and  a  half  previous  Mr.  Schwartz  was 
connected  with 
the  Common- 
wealth Electric 
Company,  of  Chi- 
cago, where  he 
was  in  charge  of 
the   design   of  the 


new  Fisk  street 
station  of  that 
company,  laid  out 
for  Curtis  steam 
turbine  generators 
of  5,000  kw.  each. 
There  he  had  op- 
portunity to  intro- 
duce a  number  of 

new  features  in  the  work  of  the  sta- 
tion which  promise  to  be  successful 
in  high-tension  power  station  work. 
In  Chicago  he  was  further  in  charge 
of  the  erection 
sub-stations  for 
converters  and  a 
tributing    system 


CARL   SCHWARTZ 


of  several  new 
1,000     kw.     rotary 

high-tension  dis- 
designed 


by    him. 
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Mr.  Schwartz  received  his  engineer- 
ing education  at  the  Royal  Technical 
College  in  Hanover,  and  from  there 
entered  the  works  of  the  Allgemeine 
Elektricitats-Gesellschaft,  of  Berlin, 
as  designing  engineer.  Later  he 
joined  the  Siemens  &  Halske  Com- 
pany, of  the  light  and  power  depart- 
ment of  which,  in  St.  Petersburg,  he 
became  chief  engineer. 

Philetus  W.  Gates  and  Henry  W. 
Hoyt,  respectively  general  superin- 
tendent and  second  vice-president  of 
the  Allis-Chalmers  Company,  have 
retired  from  active  participation  in  the 
management  of  that  company.  Mr. 
Gates  was  president  and  Mr.  Hoyt 
secretary  and  general  manager  of  the 
Gates  Iron  Works  for  fifteen  years 
prior  to  the  incorporation  of  the  Allis- 
Chalmers  Company  in  1901.  They 
have  been  prominently  connected 
with  the  manufacturing  interests  of 
Chicago  and  have 
taken  an  active 
part  in  all  of  the 
manufacturers'  as- 
sociations. The 
late  P.  W.  Gates— 
the  father  of  Phile- 
tus W.  Gates — 
was  the  pioneer 
manufacturer  o  f 
Chicago  and  the 
region  west  of  the 
p.  w.  gates  Alleghenies,     hav- 

ing established  his 
business  in  1842.  From  1861  to 
1 78 1  the  Eagle  Works  Manufac- 
turing Company,  of  which  he  was 
president,  employed  about  one  thou- 
sand men,  and  in  those  days  was 
a  noteworthy  industry.  In  1871  the 
Eagle  Works  Manufacturing  Com- 
pany went  out  of  existence,  and 
from  it  were  organized  the  Gates  Iron 
Works  and  Fraser  &  Chalmers,  each 
of  which  took  a 
portion  of  the 
business  of  the  old 
Eagle  Company. 
Both  of  these 
companies  in  turn 
were  taken  over 
by  the  Allis-Chal- 
mers Company 
in  1901.  Messrs. 
Hoyt  and  Gates, 
after  a  vacation 
spent  in  traveling, 
will  re-engage  in 
business  in  Chi- 
cago. 

Gen.  Francis  V.  Greene,  general 
manager  of  the  Ontario  Power  Com- 
pany, spoke  before  the  Niagara  Club, 
at  Niagara  Falls,  on  the  evening  of 
March  4,  on  "The  Future  of  the  Niag- 
ara Frontier."  He  predicted  that  the 
improvement  of  the  Erie  Canal  would 


H.  W.  HOYT 


mean  a  wonderful  upbuilding  of  that 
section  and  the  restoration  of  the  Em- 
pire State  to  the  supremacy  in  the 
industrial  world,  and  that  cheap  pow- 
er, generated  at  the  falls,  proximity  to 
raw  material  and  railroad  and  lake 
transportation  advantages  will  result 
in  the  establishment  on  the  Niagara 
frontier  of  large  industries  in  steel  and 
iron  electrochemical  products,  milling 
and  various  textile  lines. 

Putnam  A.  Bates,  assistant  sec- 
retary and  sales  manager  of  the 
Crocker-Wheeler  Company,  resigned 
his  position  on  March  1.  Mr.  Bates 
has  formed  a  partnership  with  John 
Neilson,  who  was  until  recently  as- 
sistant secretary  and  assistant  treas- 
urer of  the  New  York  &  Stamford 
Electric  Railway.  Under  the  firm 
name  of  Bates  &  Neilson  the  partners 
will  conduct  a  general  practice  of  con- 
sulting electrical  engineering,  with 
offices  in  New  York  City. 

W.  B.  Potter,  head  of  the  railway 
department  of  the  General  Electric 
Company,  has  sailed  for  the  West  In- 
dies, in  search  of  health  and  warmer 
weather.  He  has  been  struggling  for 
some  weeks  past  with  incipient  grip 
and  pneumonia,  but  would  not  let  go 
until  the  doctors  and  his  associates 
insisted  he  must  break  away  or  pay 
the  penalty. 


Tra.de  News 


The  Nernst  Lamp  Company  has 
appointed  G.  E.  Bennett  district  sales 
manager  of  their  Buffalo  district  of- 
fice, recently  established  at  17  West 
Mohawk  street.  These  quarters  will 
include  an  office,  showroom,  exhibi- 
tion room,  and  stock  room,  with  a 
complete  stock  of  lamps  and  supplies 
to  meet  the  requirements  of  the  trade 
in  this  territory.  The  company  re- 
cently closed  contracts  for  the  instal- 
lation of  165  Nernst  lamps  in  the 
Washington  National  Bank  Building 
and  75  lamps  for  the  Pittsburg  Sup- 
ply Company,  at  Pittsburg,  Pa.  They 
have  also  succeeded  in  securing  the 
adoption  of  Nernst  lamps  by  the  mu- 
nicipal electric  light  plant  of  Silver- 
ton,  Col.,  in  competition  with  en- 
closed arc  lamps. 

The  William  Tod  Company, 
Youngstown,  Ohio,  builders  of  Cor- 
liss and  medium-speed  engines  for 
all  electrical  work  in  lighting  and  rail- 
way plants,  etc.,  have  recently  opened 
an  office  at  29  Broadway,  New  York, 
with  George  T.  Woolston  in  charge. 

The  Turbine  Engineering  Com- 
pany, engineers  and  contractors  for 
complete  water  power  plants,  has  es- 
tablished offices  at  Chicago,  111.,  New 


York,  N.  Y.,  and  Troy,  N.  Y.  The 
hydraulic  power  department  is  at 
West  Troy,  N.  Y.  The  company  is 
prepared  to  take  complete  contracts 
covering  the  entire  installation  of 
water  power  plants,  acting  in  the  dou- 
ble capacity  of  engineers  and  con- 
tractors, making  a  single  contract  and 
giving  a  single  guarantee  covering 
efficiency  and  economy  of  the  entire 
installation.  The  officers  are  A.  M. 
Young,  president;  H.  G.  Runkle, 
vice-president;  M.  J.  Warner,  treas- 
urer; F.  A.  Curtiss,  secretary;  L.  G. 
Read,  general  manager;  G.  Sturgess, 
manager  hydraulic  power  depart- 
ment. The  company  is  sole  agent 
for  the  Sturgess  water-wheel  gover- 
nors, which  will  be  furnished  either 
alone  or  combined  with  water-wheels 
by  the  best  builders  of  self-governing 
units. 

The  Quincy  Engine  Works, 
Quincy,  111.,  builders  of  special  ma- 
chinery as  well  as  of  the  Williams  ver- 
tical engines,  the  Quincy  Corliss  en- 
gines and  the  Quincy  four-plunger 
motor-driven  pumps,  have  just  com- 
pleted a  set  of  ten  special  filter  presses 
for  a  large  glucose  factory,  together 
with  an  electric  motor-driven  four- 
plunger  hydraulic  pump  and  hydrau- 
lic accumulator  for  operating  it. 

The  Ball  Engine  Company,  of  Erie, 
Pa.,  has  received  a  contract  from  the 
Eastman  Kodak  Company,  Roches- 
ter, N.  Y.,  for  two  400  horse-power 
vertical  cross-compound  engines,  to 
be  direct-connected  to  a  250  kw. 
Crocker-Wheeler  generator.  The 
Ball  Company  has  just  installed  two 
350  horse-power  vertical  cross-com- 
pound, direct-connected  units  in  the 
First  National  Bank  Building,  Chi- 
cago, and  is  also  building  two  addi- 
tional units  of  the  same  size  for  this 
plant. 

Queen  &  Company,  Inc.,  of  Phila- 
delphia, have  issued  a  handsome  and 
instructive  circular  celebrating  the 
fifty  years  of  their  existence,  1853- 
1903.  It  gives  a  synopsis  of  the  his- 
tory of  the  house,  illustrates  some  of 
its  leading  apparatus,  etc.,  and  gives 
views  also  of  its  laboratories,  facto- 
ries.  etc. 

The  Safety  Insulated  Wire  &  Cable 
Company,  114  Liberty  street,  New 
York,  has  been  requisitioned  by  the 
Japanese  Government  for  a  large  lot 
of  torpedo  cable.  A  contract  has 
been  secured  from  the  Philippine 
civil  government  for  30  miles  of 
standard  type  cable  which  will  be  used 
to  connect  the  last  of  the  numerous 
islands  with  the  mainland.  The  com- 
pany has  taken  contracts  from  the 
same  source  which  will  represent  in 
all  nearly  2,000  miles  of  cable.     The 
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United  States  War  Department  has 
ordered  a  big"  quantity  of  range-finder 
cable  for  use  in  different  fortifications 
along  the  Atlantic,  Pacific  and  Gulf 
coasts. 

The  British  Thomson-Houston 
Company,  Limited,  of  Rugby,  Eng- 
land, which  is  controlled  by  the  Gen- 
eral Electric  Company  of  this  coun- 
try, has  received  the  contract  from  the 
Underground  Electric  Railways 
Company  for  the  electric  motor 
equipment  to  be  used  in  the  extensive 
underground  electric  traction  system 
of  London.  This  contract,  which 
calls  for  480  cars  each  equipped  with 
500  horse-power  in  motors,  will,  it  is 
understood,  together  with  the  balance 
of  the  equipment,  amount  to  $7,000,- 
000.  The  contract  for  the  passenger 
elevators  which  will  be  used  at  the 
stations  of  the  underground  system 
has  been  awarded  to  the  Otis  Elevator 
Company,  of  London  and  New  York, 
and  amounts  to  about  $1,750,000, — 
the  largest  contract  for  passenger  ele- 
vators which  has  ever  been  placed  in 
this  country  or  abroad.  The  under- 
ground stations  will  be  fitted  in  most 
cases  with  four,  and  in  some  cases 
with  six  elevators,  each  capable  of 
raising  a  load  of  10,000  pounds,  equiv- 
alent to  about  65  passengers,  at  a 
speed  of  200  feet  per  minute,  the 
shafts  varying  from  40  to  180  feet  in 
depth.  Charles  T.  Yerkes,  formerly 
of  Chicago,  is  the  chairman  of  the 
Underground  Electric  Railway  Com- 
pany, in  which  American  interests  are 
largely  concerned.  Of  the  $85,000,- 
000  which  will  be  expended  by  the 
Underground  Company  in  its  im- 
provements, $40,000,000  are  Ameri- 
can capital. 

Shoshone  Falls,  25  miles  south  of 
the  city  of  Shoshone,  Idaho,  are  about 
to  be  utilized  for  power  purposes  by 
their  owner,  Senator  A.  W.  Clark. 
The  diversion  of  the  waters  will  be 
effected  by  means  of  a  tunnel  2,200 
feet  in  length,  the  headgate  of  which 
will  be  located  600  feet  above  the  falls. 
From  the  end  of  the  tunnel  to  the 
power  house  the  water  will  come 
down  in  8  iron  pipes,  each  pipe  9  feet 
in  diameter.  These  pipes  will  drop 
210  feet  to  twin  horizontal  turbines 
coupled  direct  to  the  electric  genera- 
tors. Eact  generator  will  furnish 
5,000  horse-power  units,  making  a 
total  of  40,000  horse-power. 

The  Lunkenheimer  Company,  Cin- 
cinnati, Ohio,  makers  of  brass  and 
iron  steam  specialties,  report  that  ow- 
ing to  the  growing  demand  for  their 
specialties,  they  have  again  greatly  in- 
creased their  facilities.  They  also  re- 
port through  their  foreign  branches 
an  increasing  export  demand  for  their 


specialties,  and  state  that  they  will 
shortly  place  some  new  specialties 
upon  the  market  which  will  be  con- 
tained in  a  very  complete  catalogue  to 
be  issued  in  the  course  of  a  few 
months. 

The  Jeffrey  Manufacturing  Com- 
pany, of  Columbus,  Ohio,  engineers, 
founders  and  machinists,  through  their 
connection  with  the  Ohio  Malleable 
Iron  Company,  of  the  same  place,  are 
now  in  the  field  soliciting  orders  for 
high-grade  malleable  castings. 

The  Toronto  &  Niagara  Power 
Company  have  decided  to  use  steel 
towers  on  their  transmission  line  from 
Niagara  Falls,  Ont.,  to  Toronto,  in- 
stead of  the  wooden  poles.  The  tow- 
ers will  be  8  or  10  feet  square  at  the 
base  and  50  feet  high  at  the  cross- 
arms,  and  will  be  placed  at  intervals 
of  400  feet. 

G.  M.  Gest,  subway  contractor,  of 
New  York  and  Cincinnati,  has  been 
awarded  the  contract  for  the  construc- 
tion of  a  heavy  40-duct  conduit  sys- 
tem by  the  Public  Service  Corpora- 
tion, of  New  Jersey.  This  system  will 
be  a  main  trunk  feeder  line  running 
through  Hoboken  and  Jersey  City. 
Work  is  to  be  begun  at  once  and  a 
large  force  of  men  is  to  be  employed 
to  push  the  work  rapidly. 

The  Riter-Conley  Manufacturing 
Company,  of  Pittsburg,  Pa.,  has  se- 
cured the  contract  for  the  large  steel 
stack  for  the  power  house  to  be  built 
by  the  Manila  Electric  Lighting  & 
Railroad  Corporation,  Manila,  P.  I. 

On  February  2,  1904,  Judge  Brown, 
in  the  Circuit  Court  of  the  United 
States,  District  of  Massachusetts,  in 
the  suit  of  the  General  Electric  Com- 
pany vs.  the  Re-New  Lamp  Company 
and  others,  handed  down  a  bill  enjoin- 
ing the  use  by  the  defendants  of  the 
complainant's  trade-mark,  "G.  E.," 
on  electric  lamps. 

The  Crocker-Wheeler  Company 
announces  that  the  Chicago  office  has 
established  heaquarters  for  western 
Ohio  at  1232  Union  Trust  Building, 
Cincinnati.  H.  A.  Brown  will  act  as 
representative  at  this  office. 

The  American  Conduit  Manufac- 
turing Company  announces  that  its 
main  office  has  been  moved  from  New 
Kensington  to  Pittsburg,  Pa.  The 
better  facilities  for  communication 
thus  obtained  will  enable  the  company 
to  render  better  service  to  its  patrons 
than  before.  The  company  invites  all 
interested  in  conduit  work  to  call  on  it 
at  its  new  quarters.  New  improve- 
ments completed  at  the  New  Kensing- 
ton factory,  the  company  states,  have 
enhanced    the    superior    qualities    of 


American    conduit.     The    new    office 
address  is  413  Grant  street,  Pittsburg. 

The  Shepherd  Engineering  Com- 
pany, of  Franklin,  Pa.,  have  opened  a 
Western  office  in  the  First  National 
Bank  Building,  Chicago.  L.  J.  High- 
land is  the  representative  in  charge. 

The  Aultman  &  Taylor  Machinery 
Company,  of  Mansfield,  Ohio,  has 
secured  through  the  Cahall  Sales  De- 
partment, W.  W.  Darley,  general 
Western  agent,  the  largest  installment 
of  boilers  for  the  Louisiana  Purchase 
Exposition  at  St.  Louis.  The  install- 
ment will  consist  of  eight  508  horse- 
power and  eight  400  horse-power 
Cahall  horizontal  water-tube  boilers, 
all  equipped  with  the  Mansfield  chain 
grate  stokers.  The  aggregate  of 
these  sixteen  boilers  is  7,264  horse- 
power. Four  of  the  508  horse-power 
boilers  are  built  to  carry  225  pounds 
working  pressure,  and  the  other 
twelve  boilers  are  built  to  carry  a 
working  pressure  of  175  pounds.  The 
Aultman  &  Taylor  Machinery  Com- 
pany install  foundations,  furnish  the 
boilers  and  do  all  the  brickwork.  The 
total  value  of  the  installment  is  in  ex- 
cess of  $165,000.  The  weight  of  the 
entire  installment  is  approximately 
3,500  tons,  and  it  will  take  125  freight 
cars  to  transport  same.  If  the  tubes 
in  these  boilers  were  placed  end  to 
end  they  would  reach  over  a  distance 
of  twelve  miles.  The  entire  sixteen 
boilers  will  be  equipped  with  induced 
draft,  furnished  by  the  Buffalo  Forge 
Company.  These  sixteen  boilers  con- 
stitute about  two-thirds  of  the  entire 
exhibit  in  the  steam,  gas  and  fuel 
building,  and  all  the  boilers  will  be  in- 
stalled and  in  operation  by  April  15. 

The  Ball  Engine  Company,  of  Erie, 
Pa.,  is  moving  into  new  works  on  the 
western  city  limits  and  has  its  old 
plant  for  sale,  equipped  with  power, 
tools,  cranes,  shafting,  hot  air  heating 
system,  electric  light  outfit,  etc.  It  be- 
gan building  engines  twenty-one 
years  ago,  and  has  sent  them  all  over 
the  world,  particularly  for  electric 
light  and  power  purposes.  The  new 
plant  is  unexcelled  for  capacity  and 
facilities  of  production. 

The  Gold  Car  Heating  &  Lighting 
Company  has  moved  its  offices  to  the 
Whitehall  Building,  17  Battery  Place, 
New  York  City,  in  order  to  secure 
more  room,  necessitated  by  the 
growth  of  its  business  in  electric  and 
other  car  heating  and  in  car  lighting. 
The  Gold  Company  has  moved  its 
Chicago  offices  and  concentrated  them 
with  the  New  York  ones  at  the  new 
address.  The  company  has  also  made 
another  important  move  by  securing 
a  contract  from  Mr.  T.  A.  Edison,  un- 
der which  it  has  the  exclusive  sale  in 
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the  United  States  for  the  Edison  stor- 
age battery  for  train  lighting  pur- 
poses. 

The  National  Electric  Company, 
successors  to  the  Christensen  Engi- 
neering Company,  manufacturers  of 
air  brake  and  electrical  machinery, 
have  just  moved  their  executive 
offices  and  engineering  department  to 
their  new  building  located  at  the 
works.  The  building  is  constructed 
of  cement  blocks  2  feet  long  by  1  foot 
high,  and  is  200  feet  long  by  66J  feet 
wide.  Extensions  and  improvements 
are  also  being  made  in  their  shops  to 
supply  the  necessary  facilities  for 
handling  the  company's  constantly  in- 
creasing business. 

The  recent  Baltimore  fire  has  been 
the  means  of  settling  many  disputed 
points  for  the  engineers  of  this  coun- 
try, and  it  has,  among  other  points, 
emphasized  most  forcibly,  in  the 
minds  of  interested  observers,  the  su- 
periority of  underground  cables  for 
electric  transmission  of  power  as  com- 
pared with  overhead  methods.  The 
Standard  Underground  Cable  Com- 
pany, of  Pittsburg,  Pa.,  has  installed 
during  the  past  few  years  in  Baltimore 
many  miles  of  underground  cable,  in 
the  municipal  subway  for  the  Western 
Union,  Baltimore  &  Ohio  Telegraph 
companies,  the  Maryland  Telephone 
Company,  the  city  Fire  and  Police  de- 
partments, and  the  United  Railways 
and  Electric  Company.  The  main 
conduit  lines  run  the  entire  length  of 
the  burned  district,  and  the  manhole 
covers  were  in  many  cases  covered 
with  piles  of  hot  brick  and  stone  to  a 
depth  of  20  feet.  In  spite  of  the  in- 
tense heat,  there  has  been,  so  far  as  is 
known,  not  a  single  instance  of  trou- 
ble on  the  cables  in  manholes  or  sub- 
way except  where  exposed  ends  of 
cables  were  destroyed  by  fire,  and  the 
cable  system  is  in  perfect  condition  to- 
day. Two  three-conductor  cables  in- 
stalled for  the  United  Railway  &  Elec- 
tric Company  over  a  year  ago,  and 
which  terminated  in  the  new  and  "un- 
burned  portion  of  the  Pratt  street 
power  house,  extended  the  entire 
length  of  the  burned  district  and  were 
carrying  current  to  the  sub-station  at 
13,000  volts  the  second  day  after  the 
fire  without  any  interruption  to  ser- 
vice. This  record,  compared  with  the 
ruin  of  overhead  construction  which 
was  universal,  gives  food  for  thought 
to  all  users  of  wire. 

The  Commissioner  of  Public 
Works,  Buffalo,  N.  Y.,  Col.  Francis 
G.  Ward  has  been  authorized  by  the 
Aldermanic  Committee  on  Water  to 
prepare  plans  and  procure  bids  for  the 
installation  of  a  30,000,000-gallon 
electric  motor  driven  turbine  pump 
for  the  water  works  pumping  station. 


Doing    Business  with    the    Govern- 
ment 

THAT  doing  business  with  the 
government  sometimes  has 
features  both  humorous  and 
unpleasant  would  seem  to  be  the 
moral  of  a  story  printed  in  the  Phila- 
delphia "Record,"  according  to  which 
a  Philadelphian  who  supplies  a  great 
many  things  on  orders  from  Washing- 
ton recently  remarked: 

"You  can't  do  business  with  Uncle 
Samuel  in  the  spirit  of  a  contract; 
you  simply  must  obey  its  letter.  If 
you  put  in  specifications  amounting 
to  'steen  dollars  and  21  cents,  and  then 
bill  it  goods  under  the  contract  and 
the  total  amounts  to  the  same  'steen 
dollars  and  19  cents  you've  got  to 
take  it  back  and  make  up  the  other 
two  cents,  or  you  don't  do  business. 

"Let  me  give  you  an  instance  of 
Uncle  Sam's  character  for  exactness. 
We  were  awarded  a  contract  for  1,000 
feet  of  copper  wire  for  League  Island. 
We  sent  the  order  to  the  manufac- 
turers, and  they  turned  in  the  stuff. 
In  a  few  days  we  get  a  letter  from  the 
Island  authorities  that  that  wire  is 
only  985  feet  long. 

"We  answer  that  we  knew  it,  that 
the  copper  ingot  did  not  yield  any 
more,  and  that  we  have  charged  them 
only  for  985  feet.  Would  that  do? 
Not  on  your  tin-type. 

"They  sent  us  word  that  if  that 
wire  was  not  brought  up  to  1,000 
feet  the  lot  would  be  rejected.  Then 
we  had  to  get  a  permit  from  the  L.  A. 
to  send  a  man  down  to  join  on  enough 
to  make  the  demand  good,  and  he 
went  down  and  did  the  work. 

"In  a  few  days  we  were  notified  that 
the  piece  he  put  on  made  the  whole 
length  1,004  feet-  We  write  back  that 
we  didn't  care  for  the  four  feet  and 
Uncle  Sam  could  have  it. 

"Next  morning  up  comes  an  order 
to  cut  off  that  four  feet  or  the  whole 
bunch  would  be  rejected.  Then  we 
had  to  get  another  permit  for  our  man 
to  go  down  and  lop  it  off,  which  he 
did. 

"Was  it  all  plain  sailing,  then  ?  I 
should  say  not.  When  he  threw  the 
offending  excess  upon  the  ground  the 
guard  said: 

"Tick  that  up;  that's  against  the 
rules.' 

"He  picked  it  up,  and  was  about  to 
toss  it  into  the  river,  when  he  was 
stopped  in  a  mandatory  way. 

"'Here!  You  do  that  and  you'll 
get  yourself  into  trouble!' 

"So,   thinking   he'd   find   a   resting 
place  outside  of  the  Goverment  pre- 
serves, our  employee  walked  to  the 
gate,  where  he  found  a  sentinel. 
What  have  you  got  there?' 

"  'A  piece  of  wire.; 


"  'You  can't  carry  it  without  a  per- 
mit.' 

"  'All  right.  I  don't  want  to,'  and 
cast  it  down. 

"  'You  pick  that  up,'  said  the  sen- 
tinel. 'You  can't  throw  things  around 
here.' 

"  'But  I  don't  want  the  d — d  thing.' 

"  'Go  back  and  get  a  permit!' 

"And  he  really  had  to  do  it  to  get 

that  four  feet  of  wire  outside  of  Uncle 

Sam's    fence.      Now,    wouldn't    that 

make  you  tired?" 


A   Safety    Dress    for    Electrical 
Workers 

THE  idea  of  a  "safety"  dress  for 
protection  of  those  whose 
business  requires  them  to 
work  around  high-pressure  electrical 
apparatus  appears  to  be  an  inviting 
field  for  inventors.  The  idea  is  not 
altogether  a  new  one,  however,  for 
over  ten  years  ago,  when  the  fatalities 
due  to  contact  with  high-tension  over- 
head wires  were  numerous,  a  number 
of  protective  devices  to  be  worn  on 
the  body  were  exploited;  but  so  far 
as  known  not  any  of  them  have  been 
adopted.  Somewhat  recently  Prof. 
Artmeiff  has  devised  a  safety  dress  of 
this  nature  which  is  said  to  be  quite 
efficient.  The  dress,  which  has  been 
tested  in  the  high-tension  laboratory 
of  Siemens  &  Halske,  consists  of  fine, 
thickly  woven  wire  gauze  which  cov- 
ers the  feet,  head,  and  hands  of  the 
wearer.  Its  weight  is  3.3  pounds  and 
its  resistance  is  0.017  °hm  from  hand 
to  hand,  practically  inappreciable  as 
compared  with  the  resistance  of  the 
body.  Wearing  this  dress,  the  ex- 
perimenter freely  subjected  himself  to 
a  number  of  rather  hazardous  tests, 
amongst  others,  one  in  which,  with 
safety  to  himself,  he  short-circuited 
with  his  mailed  hands  the  terminals  of 
a  generator  that  was  developing  1,000 
volts  and  200  amperes.  A  rule  re- 
quiring the  use  of  such  a  dress,  how- 
ever, would  probably  be  found  quite 
as  difficult  to  enforce  as  the  rule  which 
requires  the  employees  of  the  different 
electrical  companies  to  wear  rubber 
gloves, — a  rule  which,  notwithstand- 
ing that  it  is  obviously  in  the  interest 
of  the  employee,  is  perhaps  as  often 
illustrated  in  the  breach  as  in  the  ob- 
servance. 


At  the  regular  meeting  of  the 
American  Society  of  Civil  Engineers, 
held  March  2,  the  letter  ballots  on 
the  acceptance  of  Mr.  Carnegie's  gift 
for  a  union  building  for  the  four  na- 
tional engineering  societies  and  the 
Engineers  Club  were  opened.  There 
were  1,801  votes  entitled  to  be  count- 
ed, and  of  these  1,139  were  agaisnt 
and  662  for  the  project. 
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Aluminium     Applications 

REFERRING  to  the  extending 
use  of  aluminium  in  a  review 
of  progress  in  electrochemis- 
try and  electrometallurgy  during 
1903,  John  B.  C.  Kershaw  says,  in  the 
London  "Electrical  Review,"  that  a 
considerable  increase  in  production  of 
the  metal  is  likely  to  occur  in  the  near 
future. 

The  number  of  works  producing 
aluminium  is  nine,  with  two  in  course 
of  erection.  The  aggregate  power 
available  for  the  manufacture  is  still 
about  40,000  horse-power,  equivalent 
to  a  production  of  11,500  tons  per  an- 
num, if  no  other  products  were  made 
in  the  aluminium  works. 

The  actual  production  at  the  pres- 
ent time,  according  to  the  most  recent 
and  reliable  estimates  is,  however, 
only  7,500  tons,  and  there  is  a  consid- 
erable margin  between  the  maximum, 
and  actual,  production  figures.  In 
the  face  of  this  discrepancy,  it  is  some- 
what surprising  to  find  that  three  of 
the  companies  engaged  in  the  manu- 
facture (the  Neuhausen  Aluminium 
Industrie  Gesellschaft,  the  Pittsburg 
Reduction  Co.,  and  the  British  Alu- 
minium Co.),  are  taking  steps  to  in- 
crease their  productive  capacity;  and 
this  action  on  their  part  would  seem 
to  indicate  that  a  rapid  increase  in  the 
consumption  of  the  light  metal  is  ex- 
pected in  .1904. 

As  regards  utilization,  the  applica- 
tions of  aluminium  as  an  electrical 
conductor  have,  of  late,  been  much 
discussed.  In  lithography,  alumin- 
ium is  making  rapid  progress  as  a 
substitute  for  stone.  Already  eigh- 
teen printing  firms  in  Great  Britain 
have  adopted  aluminium  for  color 
work.  Since  aluminium  offers  many 
advantages  when  compared  with 
stone,  the  use  of  the  light  metal  is  cer- 
tain to  extend. 

The  use  of  aluminium  powder  for 
producing  alloys  or  molten  iron  at  a 
very  high  temperature,  is  being  ex- 
ploited by  the  firm  of  Goldschmidt,  of 


Essen,  with  considerable  success,  and 
100  tons  of  aluminium  in  the  form  of 
powder  is  now  being  consumed  per 
annum  for  the  manufacture  of  "Ther- 
mit," the  mixture  of  aluminium  pow- 
der and  ferric  oxide  sold  for  welding 
purposes.  Agencies  for  the  sale  of 
this  product  have  recently  been  estab- 
lished in  Great  Britain  and  America. 

The  most  recent  and  novel  applica- 
tion of  aluminium  is  its  use  for  the 
manufacture  of  explosives.  An  ex- 
plosive has  been  patented  by  Fuhrer, 
of  Vienna,  under  the  name  of  "Am- 
monal," and  a  company  has  been 
floated  in  London  with  a  capital  of 
£  100,000  for  the  exploitation  of  this 
new  manufacture.  Ammonal  is  stated 
in  the  original  patent  specification  to 
be  composed  of  carbon,  ammonium 
nitrate  and  aluminium  powder  in  the 
proportions  represented  by  C,  4  NH4 
N03,  2  Al,  and  on  firing,  a  20-gram 


charge  is  said  to  yield  2,000  cc.  of  gas. 
The  aluminium  powder  is  added  to 
raise  the  temperature  of  the  gases,  and 
thus  to  intensify  the  explosive  effect. 


Action    of     R.a.dium    on    Living 
Tissues 

IN  a  lecture  recently  delivered  be- 
fore the  Institution  of  Engineers 
and  Shipbuilders,  in  Scotland, 
Dr.  John  Macintyre,  speaking,  of  the 
effect  of  radium  on  living  tissues,  said 
that  it  possessed  the  power  of  stimu- 
lation when  applied  carefully  in  small 
quantities  and  for  short  periods,  but 
if  left  in  contact  with  living  tissues  for 
a  time  it  produced  death. 

Ten  milligrammes  of  one  of  the 
salts  placed  on  the  arm,  with  a  layer 
of  mica  intervening,  had,  as  the  result 
of  one  hour's  application,  resulted  in 
one  case  in  a  burn  which  lasted  for 


PROFESSOR    AND    MADAME    CURIE,    THE    DISCOVERERS    OF    RADIUM,    AND    THEIR    DAUGHTER 

By  courtesy   of  the  New   York  Tribune 


179 


180 


THE      ELECTRICAL     AGE 


March,  J 904 


four  months,  and  evidently  had  per- 
manently destroyed  the  superficial 
epithelial  structures.  Many  such 
burns  had  been  recorded.  It  caused 
an  excitement  in  the  retina  when 
brought  near  the  forehead,  and  ex- 
periments on  small  animals,  such  as 
mice,  had  shown  that  it  could  produce 
death.  A  large  quantity  of  radium 
would  be  an  exceedingly  dangerous 
thing  to  approach,  and  even  a  com- 
paratively small  amount,  such  as  an 
ounce,  if  it  could  be  obtained,  not  to 
speak  of  half  a  pound,  would  be  a 
very  dangerous  thing  to  work  with. 

Experimenters  differed  in  their 
views  as  to  the  results  on  the  growth 
of  plants,  and  with  respect  to  the 
effects  of  the  radium  rays  on  bacteria. 
As  to  the  uses  of  radium  in  surgery. 
Dr.  Macintyre  preferred  to  say  noth- 
ing. Owing  to  exaggerated  state- 
ments in  the  papers,  too  much  had 
been  anticipated  of  what  might  yet 
come,  and  consequently  much  suffer- 
ing had  been  caused  by  false  expec- 
tations having  been  raised  in  the 
minds  of  those  afflicted  with  serious 
affections.  This  he  could  say,  how- 
ever, that  radium  bromide  did  possess 
a  therapeutic  value,  but  what  the  ulti- 
mate result  would  be  was  for  the 
future  to  show. 


Electric    Traction    on    European 
Canals 

ACCORDING  to  a  report  by 
Leon  Gerard,  mentioned  in  the 
"Bulletin"  of  the  Belgian  Elec- 
trical Society,  three  years'  experience 
with  electric  traction  on  a  portion  of 
the  canal  between  Charleroi  and  Brus- 
sels has  shown  that  the  use  of  an  ordi- 
nary towpath  is  impracticable.  The 
towpath  in  question  was  admittedly 
in  bad  condition,  the  coefficient  of 
traction  being  4.5  kilograms  per  ton. 
The  number  of  units  taken  per  barge- 
kilometer  varied  with  the  time  of  the 
year,  i.  e.,  with  the  condition  of  the 
towpath,  between  3.04  in  March  and 
2.24  in  October,  1901.  The  efficiency 
of  the  tractors  after  a  year's  service 
is  about  0.48.  Unloaded  and  travel- 
ing at  4  kilometers  per  hour,  the  trac- 
tor takes  4.1  kw.;  when  hauling  a 
barge  of  70  tons  at  the  same  rate,  the 
power  required  is  4.85  kw.  The  wear 
and  tear  on  the  wheels  of  the  tractors, 
which  are  of  cast  steel,  is  very  serious; 
and  Mr.  Gerard  considers  that  repairs 
of  all  kinds  cost  three  times  as  much 
as  they  do  on  an  ordinary  tram  line  of 
the  same  length. 

Mr.  Gerard  also  considers  the  pos- 
sibility of  using  tractors  running  on 
rails  on  the  towpath.  It  had  been 
supposed   that   either   heavy  tractors 
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would  be  necessary  to  secure  adhe- 
sion or  that  a  rack  rail  would  be 
necessary.  Experiments  were  under- 
taken on  the  canal  with  a  view  to  find- 
ing the  pull  at  starting.  With  a  heavy 
tractor  running  on  the  towpath,  and 
a  pull  falling  from  625  kilograms  to 
120  kilograms,  a  speed  of  about  3.5 
kilometers  per  hour  is  reached  in  50 
seconds  with  a  barge  of  70  tons;  with 
a  tractor  weighing  1,650  kilograms, 
and  giving  a  steady  pull  of  264  kilo- 
grams, the  same  speed  would  be 
reached  in  about  30  seconds. 

Some  experiments  which  were  car- 
ried out  at  Oisquercq  under  rather  un- 
favorable conditions  showed  that  full 
speed  could  be  reached  in  about  45 
seconds  with  a  light  tractor  on  rails, 
and  this  tends  to  confirm  the  result  of 
theoretical  calculations.  Mr.  Gerard 
therefore  advises  that  rails  should  be 
laid  on  the  towpath,  and  that  the  ex- 
periments be  continued. 


Electric   Factory  Operation   Econo- 
mies 

THE  full  benefits  of  electric  work- 
ing, according  to  London 
"Engineering,"  are  not  always 
obtained  in  factory  operations,  since 
the  saving  of  losses  in  line  shafting 
and  other  ways  is  so  great  that  it  ap- 
pears almost  futile  to  the  management 
to  spend  further  sums  in  engine-room 
refinements.  They  are  inclined  to  let 
well  enough  alone,  though  it  is  just  in 
the  case  of  these  steady  factory  loads 
that  a  high  expenditure  at  the  gen- 
erating station  is  particularly  profit- 
able. Striking  instances  of  the  mag- 
nitude of  the  losses  of  power  ignored 
in  the  older  conditions  of  working  are 
constantly  recurring.  Thus,  in  one 
large  works,  a  new  manager,  on  tak- 
ing charge,  found  a  steam  pipe  was 
supplying  an  engine  some  hundreds 
of  yards  distant,  and,  to  get  it  out  of 
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the  way,  this  pipe  had  been  laid  in  a 
drain  through  which  water  was  al- 
ways flowing,  and  which  sometimes 
ran  quite  full.  An  hydraulic  engine 
at  the  opposite  extrernity  would,  per- 
haps, have  been  more  in  keeping  with 
the  conditions  under  which  the  work- 
ing fluid  was  supplied. 

In  another  case  a  gas  engine  of  50 
horse-power  was  replaced  by  a  num- 
ber of  motors  aggregating  11  horse- 
power in  all.  Instances  of  this  kind 
could  be  multiplied  to  almost  any  ex- 
tent, and  the  saving  which  may  be 
effected  in  similar  cases  by  the  adop- 
tion of  electrical  means  of  transmis- 
sion is  so  great,  and  makes  so  good  a 
showing,  that  the  small  economies 
which  it  is  possible  to  effect  by  im- 
proving the  power-station  plant  seem 
almost  trivial  in  comparison,  and 
their  neglect  in  certain  cases  is,  there- 
fore, quite  intelligible,  if  not  entirely 
excusable. 


necessary  to  have  a  comparatively 
small-unit  gas-engine  to  drive  a  di- 
rect-current generator  for  supplying 
the  line  at  the  customary  voltage  up 
to  550. 


Electric   Central   Stations   Operated 
by  Gas   Power 

IN  a  paper  on  "Energy  Distribu- 
tion to  Sub-Stations,"  recently 
read  before  the  Birmingham, 
England,  section  of  the  Institution  of 
Electrical  Engineers,  Mr.  C.  A.  Smith 
remarked  that  there  was  no  case 
where  the  economy  claimed  for  work- 
ing a  large  central  station  of  several 
thousand  horse-power  by  power  gas 
had  been  tested.  Probably  no  city 
electrical  engineer  had  seriously  con- 
sidered the  subject  from  a  financial 
point  of  view,  presumably  because  he 
was  convinced  that,  for  driving  large 
high-tension  alternators,  gas  engines 
were  not  reliable. 

The  idea  at  once  suggested  itself 
that  the  difficulty  would  be  partially 
overcome  if  the  size  of  the  unit  were 
reduced,  but  even  then  for  a  city  re- 
quiring some  40,000  British  horse- 
power for  traction,  power,  and  light- 
ing purposes  it  would  be  hardly  pos- 
sible to  reduce  each  set  below  1,000 
British  horse-power.  Few  city  elec- 
trical engineers  would  care  to  use 
even  this  size  for  running  alternators 
in   parallel. 

To  meet  this  objection  it  seemed 
that,  if  any  use  was  to  be  made  of 
power  gas  for  producing  electricity  in 
bulk,  direct  currents  must  be  used, 
and  immediately  one  was  confronted 
with  the  problem  which  had  prevented 
the  general  adoption  of  direct  cur- 
rents for  high-tension  work — the 
troubles  of  commutation. 

Consequently  it  seemed  fairly  clear 
that  if  producer  gas  were  to  be  used 
at  all  for  supplying  a  city  with  electri- 
cal energy  it  must  be  used  at  the  sub- 
stations,   where     it    would    only    be 
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German    Electric    Central    Station 
Statistics 

ELECTRIC  central  stations  to  the 
number  of  971  were  in  opera- 
tion in  Germany  on  April  1, 
1903.  According  to  the  "Elektrische 
Zeitung,"  particulars  were  available 
of  only  939  of  these  stations,  showing 
that  there  were  766  stations  with  257,- 
243  kw.,  using  direct  current;  45 
stations  with  30,550  kw.,  using  single 
or  two-phase  alternating  current;  59 
stations  with  83,283  kw.,  using  three- 
phase  current,  while  67  stations  used 
a  mixed  system.  Of  the  latter,  55 
stations  with  102,470  kw.,  used  a  com- 
bined three-phase  and  direct-current 
system,  while  12  stations  with  8,041 
kw.,  used  a  combined  single-phase 
and  direct-current  system. 

The  939  stations  are  situated  in  906 
cities;  552  stations  with  316,235  kw., 
use  steam  pow'er,  98  stations  with  24,- 


851  kw.,  use  water  power,  61  stations 
with  6,378  kw.,  have  gas  engines.  In 
one  station  with  220  kw.,  wind  power 
is  utilized;  196  stations  with  41,861 
kw.,  use  both  hydraulic  and  steam 
power.  Of  the  939  stations,  339  have 
a  total  capacity  up  to  100  kw.,  422  sta- 
tions a  total  capacity  between  101  and 
500  kw.,  90  between  501  and  1,000, 
39  between  1,001  and  2,000,  30  be- 
tween 2,001  and  5,000  kw.,  and  19 
more  than  5,000  kw. 

There  are  a  number  of  stations 
which  supply  current,  not  to  a  single 
town,  but  to  a  number  of  towns.  For 
instance,  the  Bruehl  station  supplies 
66  towns,  at  a  distance  of  9  to  12 
miles,  with  current  for  light  and  pow- 
er. The  whole  industrial  district  of 
upper  Silesia  is  supplied  from  a  single 
plant,  while  the  water-power  plant  at 
the  Rhine  falls  supplies  46  towns. 
These  stations  have  a  very  favorable 
influence  on  the  industrial  develop- 
ment of  a  district.  Some  larger  tram- 
way companies  intend  to  enlarge  their 
tramway  stations  into  stations  for  sup- 
plying light  and  power  over  greater 
districts.  In  the  industrial  districts 
near  the  Rhine,  there  are  a  number  of 
smaller  stations  which  supply  current 
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for  power  in  houses  and  smaller  shops. 
For  instance,  the  station  of  Anrath, 
near  Crefeld,  supplies  current  to  mo- 
tors, each  of  not  more  than  a  quarter 
or  a  half  horse-power,  used  for  silk 
manufacture  in  houses. 


Testing   Car   on  the   Berlin    Electric 

Tramways 

AFTER  having  for  some  time 
used  an  accumulator  tramway- 
car,  running  on  four  axles,  for 
the  purpose  of  taking  measurements 
on  their  lines,  the  Berlin  Tramway 
Company  have  had  a  special  testing- 
car  constructed,  which  should  amply 
repay  the  money  spent  upon  it. 

According  to  a  description  of  it, 
given  by  E.  Bjorkegren  in  the  "Elek- 
trotechnische  Zeitschrift,"  the  car 
closely  resembles  the  ordinary  cars  in 
its  outer  appearance.  It  has  the  same 
length — ii  meters  (36  feet) — and  gen- 
eral outfit;  but  it  can  take  up  its  cur- 
rent either  by  trolley  or  contact  shoes, 
and  it  is  well  equipped  for  measuring 
and  experimental  purposes.  The  gen- 
eral arrangement  is  due  to  the  Union 
Elektricitats-Gesellschaft,  but  the  va- 
rious instruments  have  been  obtained 
from  different  sources. 

Two  of  the  four  axles  are  fitted  with 
motors,  each  of  23  horse-power  nom- 
inally; and  any  other  type  of  motor 
used  on  the  system  can  be  fitted. 
There  are  three  brakes — a  hand- 
brake, a  magnetic  brake  of  the 
Sprague  type,  and  an  air  brake  of  the 
H.  H.  Boker  system.  The  ordinary 
instruments  and  meters  have  been 
supplied  by  the  Union  and  the  Allge- 
meine  Elektricitats-Gesellschaft,  the 
recording  instruments  by  Messrs.  Sie- 
mens &  Halske,  and  the  ampere  and 
voltmeters,  provided  with  double 
scales  for  accurate  measurements,  by 
the  European  Weston  Company.  The 
speed  is  indicated,  in  kilometers  per 
hour,  by  an  instrument  by  F.  Schuc- 
hardt,  of  Berlin,  which  is  actuated  by 
a  small  dynamo,  placed  on  one  of  the 
axles.  The  distance  traveled  through 
is  marked  in  meters  by  a  Gradenwitz 
instrument,  the  pointer  of  which  is 
moved  by  compressed  air.  The  gra- 
dient can  at  every  moment  be  read  off 
a  scale,  of  which  the  pointer  is  con- 
nected with  a  pendulum  by  toothed 
gearing. 

These  instruments  are  mounted  on 
a  switchboard  and  on  a  table  from 
which  loud-speaking  telephones  ex- 
tend to  both  ends  of  the  car,  so  that 
the  observer  can  communicate  with 
the  motorman  and  the  conductor. 
There  are  two  car-controllers,  and  the 
car  is  divided  into  a  testing-room  and 
a  sitting  room.    Among  other  appara- 


tus may  be  mentioned  a  traction 
dynamometer,  to  be  inserted  between 
the  motor-car  and  trailer-car,  supplied 
by  Schaffer  &  Budenberg,  and  an  in- 
sulation tester  by  Siemens  &  Halske. 
Special  apparatus  for  the  exact  deter- 
mination of  the  distance  between  the 
rails,  the  electric  resistance  of  the  rail 
joints,  and  the  radius  of  curvature  are 
to  be  added. 

Maps  and  diagrams  of  the  tramway 
lines  are  kept  on  board.  The  testing- 
car  is  rendering  valuable  assistance 
to  the  inspectors  and  officers  who 
train  the  motormen.  The  men  can 
themselves  observe  the  difference  be- 
tween hasty  and  proper  switching, 
the  current  consumption  during  brak- 
ing, and  on  inclines,  etc.,  and  this 
demonstration  is  certainly  more  use- 
ful than  oral  and  printed  instructions 
can  be.  Certain  boards  in  the  floor 
of  the  car  can  be  removed,  so  that  the 
motors  and  their  gearing,  the  brake- 
rods,  and  the  air-compressors  can  be 
watched  while  the  car  is  in  motion. 


The    Competition    of    Steam    a.nd 
Electric  Roads 


D 


URING  the  past  two  years  de- 
tailed studies  of  the  competi- 
tive conditions  existing  in 
eight  or  ten  localities  where  the  devel- 
opment of  interurban  electric  roads  is 
most  typical  and  complete  have  ap- 
peared in  the  "Railroad  Gazette." 

According  to  that  publication,  the 
lesson  for  steam  railroads  which 
stands  out  clear  and  distinct  from  a 
study  of  these  conditions  is  that  there 
is  no  profit  in  competing  with  electric 
roads  which  parallel  the  main  line,  ex- 
cept in  special,  isolated  cases. 

The  railroad  manager  who  attempts 
to  put  an  interurban  road  out  of  busi- 
ness by  competing  with  its  rates  and 
frequency  of  service  is  in  the  position 
of  the  worthy  citizen  who  was  kept 
awake  on  a  winter  night  by  the  howl- 
ing of  his  neighbor's  dog,  and  an- 
nounced his  intention  of  taking  the 
dog  to  the  street  corner  and  holding 
it  there  until  it  froze  to  death. 

Railroads  doing  an  important  local 
or  branch  line  business  will  probably 
find  that  their  best  recourse  lies  in 
control,  or  partial  control,  of  the  com- 
petitive territory,  following  in  general 
the  policy  of  the  New  York,  New 
Haven  &  Hartford. 

In  England,  where  local  passenger 
traffic  supplies  a  much  larger  propor- 
tion of  gross  earnings  than  in  this 
country,  extensive  experiments  are 
being  tried  with  the  electrification  of 
the  competitive  portions  of  several 
railroads,  but  it  is  too  soon,  as  yet,  to 
form  an  opinion  as  to  the  way  this  is 


going  to  work  out.  An  electrified 
road  with  private  right  of  way  and  no 
street  franchises  gains  the  advantage 
of  being  able  to  conduct  its  transpor- 
tation economically  in  small  units,  but 
still  lacks  the  tremendous  terminal 
privileges  of  the  street  car. 

Control  of  the  interurban  lines  in 
the  immediate  territory  traversed  by 
the  steam  railroads  seems  in  many 
ways  the  best  solution  of  the  problem, 
and  lines  so  controlled  should  in  most 
cases  be  able  to  protect  the  railroad 
from  indiscriminate  competition, 
bring  it  new  through  business,  and 
pay  their  own  way  while  doing  so. 


Electric  Power  in  British  Shipyards 

/%  MONG  the  many  industries  con- 
X\  gregated  around  the  districts 
of  the  rivers  Tyne,  Wear,  and 
Tees,  says  C.  S.  Vesey  Brown,  in 
"Cassier's  Magazine,"  there  are  none 
which  have  made  such  rapid  strides 
in  the  last  few  years  in  the  application 
of  electric  power  as  that  of  shipbuild- 
ing. It  is  safe  to  say  that  in  1894 
there  was  not  an  electric  motor  at 
work  in  any  of  the  shipyards  in  the 
district  for  the  purpose  of  driving  the 
tools  in  shipbuilding,  and  possibly  be- 
yond a  few  motors  used  for  cranes, 
and  dynamos  for  lighting,  there  was 
not  any  electrical  apparatus  in  regular 
use.  In  1904  the  situation  is  entirely 
reversed,  and,  with  very  few  excep- 
tions, there  is  not  a  single  shipyard 
which  does  not  derive  either  the 
whole  or  a  very  considerable  portion 
of  its  power  from  electricity. 

It  is  difficult  to  give  any  compara- 
tive figures  as  to  the  relative  costs  of 
the  old  steam  power  and  the  new  elec- 
tric installations,  owing  principally  to 
the  fact  that  as  soon  as  shipbuilders 
realized  the  great  advantages  which 
electricity  gave  them  to  increase  their 
output  they  added  machines  as  fast 
as  it  was  possible  to  put  them  down  to 
carry  on  and  extend  their  business. 
From  figures  supplied  by  a  shipbuild- 
ing firm  who  adopted  electric  driving 
in  its  early  stages,  it  is  possible  to'give 
a  comparison  of  the  cost  of  power  per 
"pound  of  wages  paid"  in  the  years 
1894  and  1901,  that  is  to  say,  before 
and  after  the  use  of  electricity.  The 
figures  are  as  follows: — In  1894  the 
cost  for  coal,  gas  and  labor  for  driv- 
ing the  engines  scattered  round  the 
yard  was  8.66  pence  per  "pound  of 
wages  paid,"  and  in  1901  the  cost  for 
coal,  labor  and  other  incidentals  for 
producing  the  power  electrically  was 
4.88  pence  per  "pound  of  wages 
paid,"  or,  in  other  words,  the  wages 
paid  in  1901  were  practically  double 
those  paid  in   1894,  and  the  cost  for 
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power  was  the  same,  and  this  in  spite 
of  a  very  great  increase  in  the  number 
and  size  of  the  machine  tools  em- 
ployed, which,  in  the  yard  in  question, 
practically  amounted  in  1901  to  six 
times  what  were  in  use  in  1894. 

The  cost  of  producing  a  Board  of 
Trade  unit  varies  from  slighly  under 
a  penny  to  a  penny  farthing,  depend- 
ing on  the  load  factor,  the  area  of  dis- 
tribution and  the  size  of  the  plant. 
These  figures  of  cost  include  an  al- 
lowance of  10  per  cent,  for  interest 
and  depreciation  on  the  generating 
plant  and  distributing  cables. 


Metallic    Calcium    by   Electrolysis 

THE  electrolytic  production  of 
metallic  calcium  from  lime, 
hitherto  an  unsolved  prob- 
lem, was  recently  accomplished  in 
the  Electro-Metallurgic  Institute  at 
Aix-la-Chapelle,  by  Prof.  Borchers 
and  one  of  his  engineering  students, 
Herr  Stoekem.  The  process  em- 
ployed is  similar  to  that  of  the  pro- 
duction of  aluminium  from  bauxite, 
as  described  in  the  "Zeitschrift  fur 
Elektrochemie."  Aluminium,  as  is 
generally  known,  is  separated  out  of  a 
molten  mixture  of  cryolite  and  alu- 
mina, and  the  calcium  process  is  even 
simpler,  since  only  one  material  is 
submitted  to  electrolysis,  calcium 
chloride,  to  wit,  which  melts  at  about 
800  degs.  C.  (1,475  degs.  F.). 

Certain  peculiarities  of  calcium,  not 
possessed  by  aluminium,  make  special 
care  necessary  in  arranging  the  elec- 
trodes, and  even  then  many  failures 
are  encountered.  The  possession  of  a 
method  of  producing  metallic  calcium 
at  will,  easily  and  cheaply,  is  of  great 
importance  to  chemistry  in  its  applica- 
tion to  the  arts  and  manufactures.  The 
metal  is  not,  of  course,  available  for 
manufacturing  vessels,  implements  or 
tools,  and  it  does  not  keep  when  ex- 
posed to  the  atmosphere,  but  is  con- 
verted by  it  into  calcium  oxide,  quick- 
lime. It  is,  as  remarked,  in  the  chemi- 
cal industries  that  calcium  will  find  its 
greatest  usefulness,  and  especially  in 
organic  chemistry,  where  the  need  for 
a  cheap  metal,  with  powerful  reducing 
properties,  stronger  than  those  of  alu- 
minium, magnesium,  and  zinc,  and 
weaker  than  metallic  sodium  and  po- 
tassium, has  for  a  long  time  been  felt. 

The  cost  of  metallic  calcium — 
about  $22.50  per  pound — has  hitherto 
precluded  its  use  in  this  capacity  (i.  e., 
asa  reducer),  but,  by  the  new  process, 
this  cost  is  said  to  be  lowered  to  45 
cents  per  hundred  weight — a  fact  of 
which  the  importance  to  organic 
chemistry  is  impossible  to  overesti- 
mate. 


The    TelegrapKone 

PROFESSOR  STRECKER,  elec- 
trical engineer  to  the  German 
postal  and  telegraph  depart- 
ment, exhibited  at  a  recent  meeting  of 
the  Electrotechnische  Verein  some 
new  forms  of  the  Poulsen  and  Peder- 
sen  telegraphone,  which,  it  will  be 
remembered,  was  one  of  the  great 
novelties  of  the  Paris  Exhibition  of 
1900. 

It  was  briefly  described  recently  by 
"Engineering,"  of  London,  as  a  mag- 
netic phonograph.  The  currents  of 
the  telephone  transmitter  circulate 
through  the  coil  of  a  little  electro- 
magnet and  magnetize  its  soft  iron 
core.  Under  this  pole  moves — pulled 
by  an  electric  motor — a  ribbon  or 
wire  of  steel,  or  a  steel  disc,  just  as 
the  paper  tape  passes  under  the  re- 
cording wheel  of  a  Morse  printer. 
The  momentary  state  of  the  magnetic 
field,  through  which  it  passes,  be- 
comes impressed  upon  the  steel  tape, 
and  when  the  tape  is  afterwards  made 
to  pass  under  a  similar  apparatus  con- 
nected to  a  telephone  receiver,  the 
sound  is  reproduced.  That  this  can 
be  done  very  distinctly  and  accurately 
was  demonstrated  in  London  a  few 
years  ago,  and  it  is  obvious  that  such 
instruments  might  form  a  valuable 
adjunct  to  the  telephone.  In  the  new 
instruments  steel  wire  and  steel  discs 
are  employed  by  preference.  The 
wires  give  a  louder  sound  than  the 
discs,  because  they  can,  as  a  rule,  be 
moved  at  a  faster  rate,  and  the 
strength  of  the  induction  current,  by 
virtue  of  which  the  telegraphone  op- 
erates, depends  upon  the  speed  of  the 
motion.     The  speed  is,  of  course,  lim- 


Elements     of     Electro-Ma.gnetic 
Theory 

By  J.  S.  Barnett,  Ph.D.  Published  by  The 
MacMillan  Company,  New  York.  480  pages. 
Price,   $3.00. 

Ihe  title  of  so  important  a  work  as 
the  one  before  us  is  not  ordinarily 
chosen  lightly,  and  therefore  it  is  to 
be  assumed  that  the  present  title  was 
not  selected  without  due  considera- 
tion. So  many  books  have  already 
been  written  on  this  general  subject 
that  it  is.  doubtless,  a  somewhat  diffi- 
cult matter  to  select  a  title  that  will 
not  be  closely  akin  to,  if  it  does  not 
actually  clash  with,  those  that  have 
preceded  it.  Perhaps,  however,  such 
a  title  as  "First  Principles  of  Electro- 
magnetic Theory,"  would  have  con- 
veyed to  some  minds  a  more  direct 
idea  of  the  scope  of  the  book  than 
does  the  title  as  it  stands,  unless  it  was 


ited.  The  wire  instrument  which 
Professor  Strecker  showed  was  pro- 
vided with  6  kilometers  (nearly  4 
miles)  of  wire,  and  would  suffice  for 
a  conversation  of  forty  minutes. 
Conversations  exchanged  between 
Berlin  and  Frankfort-on-the-Main— 
a  distance  of  270  miles  as  the  crow 
flies — were  quite  distinctly  reproduced 
by  the  instrument.  A  talk  with 
Strassburg,  in  Alsace,  about  125  miles 
further  away,  could  also  be  listened 
to;  the  reproduction  is  also  described 
as  good,  though  not  quite  so  clear  and 
loud  as  with  Frankfort.  Another 
type  of  instrument  is  intended  for 
magnetically  taking  down  any  impor- 
tant conversation  through  the  tele- 
phone, the  telegraphone  circuit  being 
joined  up  with  the  ordinary  telephone 
circuit.  When  used  in  place  of  a 
shorthand  clerk  for  the  recording  of 
dictated  letters  and  the  like,  the  disc 
form  of  instrument  is  considered  pref- 
erable, and  the  magnetic  record  forms 
a  spiral  line  on  this  disc,  just  as  the  in- 
cised record  does  on  the  plate  of  a 
gramophone.  A  special  stop  is  fitted 
to  instruments  of  this  class,  by  press- 
ing which  the  record  is  arrested,  and 
on  restarting  does  not  recommence  at 
the  point  at  which  it  left  off,  but  re- 
peats a  few  of  the  last  words  already 
spoken.  This  arrangement  is,  it  will 
be  seen,  a  highly  convenient  one  for 
the  typewriter.  The  sound  repro- 
duced is  said  to  be  less  harsh  than  it 
is  in  the  case  of  the  ordinary  mechani- 
cal phonograph.  The  "records"  can 
be  readily  obliterated  by  passing  the 
wire  or  disc  under  the  pole  of  a  strong 
electromagnet,  traversed  by  alternat- 
ing currents,  and  a  fresh  record  can 
then  be  impressed. 


Book    News 


apprehended  that  such  a  title  would 
give  the  impression  that  the  book  was 
a  popular  treatise  on  the  subject, 
which  it  is  not. 

The  work  is  evidently  intended  as  a 
text-book  for  the  advanced  student  or 
graduate,  or,  as  the  author  states,  for 
the  serious  student  of  physics,  and  it 
abounds  in  formulae  and  mathemati- 
cal analyses.  At  the  same  time,  when 
the  author  employs  plain  language,  as 
he  frequently  does,  his  explanations 
are  clear  and  intelligible  to  the  ordi- 
nary reader, — a  statement  which  can- 
not always  be  made  relative  to  writers 
who  habitually  and  by  preference  re- 
sort to  mathematics.  Amongst  the 
subjects  treated  are  standard  condens- 
ers, condenser  systems,  electric  fields 
with  two  or  more  dielectrics,  electric 
absorption,  electrolytic  and  metallic 
conduction,  magnetostatic  fields,  units 
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and  dimensions,  and  electric  waves. 
To  those  for  whom  the  treatise  is 
primarily  intended  the  work  will  no 
doubt  possess  many  valuable  features, 
and  even  the  non-mathematical  reader 
will  be  able  to  glean  much  useful  in- 
formation from  its  pages. 


The    Lay-Out   of    Corliss    Valve 
Gears 

Reprinted  from  "The  American  Machinist," 
with  Revisions  and  Additions.  By  Sanford  A. 
Moss,  M.S.,  Ph.D.  Published  by  The  D.  Van 
Nostrand  Company,  New  York.  108  pages.  Price, 
50  cents. 

This  booklet  is  one  of  the  well- 
known  Van  Nostrand  Science  series. 
A  complete  discussion  is  given  of  the 
theoretical  principles  underlying  the 
kinematic  design  or  "lay-out"  as  it  is 
commonly  called.  This  is  followed 
by  explicit  directions  for  making  a 
lay-out  on  the  drawing-board.  The 
methods  given  are  rational  and  may 
be  used  by  any  one.  The  methods 
hitherto  in  use  have  been  rules  of 
thumb,  and  give  good  results  only  in 
the  hands  of  designers  of  considerable 
experience. 

Reference  is  also  made  to  the  Cor- 
liss valve  motion  with  double  wrist- 
plate  and  long  range  cut-off,  although 
the  complete  kinematic  theory  of  this 
is  not  given.  For  the  sake  of  com- 
pleteness a  preliminary  account  is 
given  of  the  usual  mechanism  of  a 
Corliss  valve  gear,  but  beyond  this 
description  nothing  is  given  concern- 
ing the  detailed  construction  of  the 
various  parts,  the  kinematic  features 
only,  rather  than  the  constructive  fea- 
tures being  considered.  It  is  assumed 
that  the  reader  is  familiar  with  the 
theorv  of  the  common  slide  valve. 


Wireless    Telegraphy;    Its    Origin, 

Development,    Inventions 

and    Apparatus 

By  Charles  Henry  Sewall.  Published  by  The  D. 
Aran  Nostrand  Company,  New  York.  225  pages. 
Price,   $2.00. 

The  author  begins  with  a  short 
account  of  the  growth  of  teleg- 
raphy in  general,  and  a  brief  biog- 
raphy of  some  of  the  men  of  science 
connected  with  the  development  of 
our  knowledge  of  electricity  and  mag- 
netism, such  as  Davy,  Faraday,  Helm- 
holtz  and  Maxwell.  The  rise  of  wire- 
less telegraphy  and  Hertz's  part  in  it 
are  then  briefly  discussed,  after  which 
the  author  jumps  into  an  account  of 
Marconi's  transatlantic  experiments. 
Short  explanatory  notes  of  the  co- 
herer, of  attuned  circuits  and  reson- 
ance are  then  given. 

It  might  almost  be  thought  from  an 
examination  of  the  space  allotted  to 


^  the  different  inventors  that  the  author 
had  determined  on  giving  them  space 
in  the  inverse  ratio  of  the  amount  of 
practical  results  obtained  by  each. 
thus,  eighteen  pages  are  assigned  en 
bloc  to  Tesla,  four  to  De  Forest,  three 
to  Lodge,  with  scattering  allusion  to 
Fessenden,  Marconi,  Slaby  and  others. 
There  is  but  little  information  in  the 
book  regarding  the  practical  opera- 
tion of  wireless  telegraphy,  but  patent 
lawyers  and  other  technically  interest- 
ed in  the  art  may  find  the  somewhat 
numerous  extracts  from  patents  which 
are  given  in  it,  of  utility. 

The  author  suggests  the  term  wave- 
gate  for  antenna  or  vertical  wire,  and 
he  employs  the  term  throughout  the 
book,  doubtless  to  the  mystification  of 
those  who  may  not  happen  to  see  his 
definition  of  the  term.  Why  not  the 
wave-door  or  the  wave-window  ?  A 
gate  presupposes  something  to  be 
opened  or  closed,  to  admit  or  exclude 
something.  Certainly  this  is  not  the 
function  of  the  vertical  wire.  At  the 
same  time,  it  may  be  admitted  the 
term  "vertical  wire"  is  not  very  edify- 
ing; but  it  will  probably  endure.  For 
no  apparent  reason  the  author  injects 
into  the  book  twelve  pages  of  utterly 
irrelevant  discussion  of  Morse  manual 
telegraphy  versus  rapid  automatic 
telegraphy  and  the  United  States  mail 
service. 

The  book  is  well  printed  on  extra 
heavy  paper,  and  as  a  specimen  of  the 
typographer's  art  reflects  credit  on  the 
well  known  publishers.  The  illustra- 
tions are  well  executed,  and  an  excel- 
lent page  picture  of  Nikola  Tesla  in 
characteristic  pose  is  evidently  intend- 
ed to  be  one  of  the  features  of  the 
book. 


A    B    C    of  the    Telephone 

By  James  E.  Homans,  A.  M.  Published  by 
Theo.  Audel  &  Co.,  New  York.  346  pages,  268 
Illustrations.     Price,     $1.00. 

This  book,  in  its  enlarged  form  and 
scope,  cannot  properly  be  termed  an 
A  B  C  of  the  subject.  Indeed,  as  the 
preface  intimates,  several  chapters  of 
the  book  have  been  rewritten  and  en- 
larged for  the  purposes  of  general 
reference  and  information.  It  is  diffi- 
cult to  believe  that  this  book  was  pre- 
pared by  one  versed  in  electrical 
matters,  theoretical  or  practical,  and 
it  is  to  be  feared  that  the  student  who 
draws  from  this  source  will  have 
some  things  to  unlearn.  One  or  two 
examples  of  questionable  accuracy  of 
statement  will  suffice.  On  page  25, 
one  of  the  principal  effects  to  be  ob- 
served from  direct  applications  of  the 
electrical  current  is  said  to  be  "the 
generation  of  heat  by  passing  the  cur- 
rent through  a  highly  resistant  wire." 
Possibly  it  is  overlooked  that  heat 
would  be  developed  by  a  current  in  an 


excellent  conductor  as  well.  It  is 
further  said  on  page  24  that  "the 
counter  electromotive  force  which,  in 
general,  increases  in  ratio  to  the  true 
metallic  resistance,  behaves  in  many 
respects  like  a  current,  moving  in  an 
opposition  direction,"  which,  if  true, 
is  strange. 

The  author's  lack  of  a  practical 
knowledge  of  telephone  cables  is  ex- 
emplified in  Chap,  xxv.,  where  he 
naively  states  that  "apart  from  the 
fact  that  such  a  system  exists  of  a 
number  of  conducting  wires  laid  or 
twisted  together,  there  is  no  resem- 
blance to  the  structure  commonly 
called  a  cable";  and  we  are  informed 
that  "telephone  cables  were  devised 
to  meet  the  conditions  incident  upon 
the  necessity  of  running  cables  under- 
ground, particularly  in  large  cities 
where  the  law  requires  it."  A  cable, 
it  is  said,  consists  of  "a  length  of  lead 
pipe  through  which  is  drawn  a  num- 
ber, generally  100  pairs,  of  conduct- 
ing wires."  This  will  be  interesting 
news  to  cable  manufacturers. 

Apart  from  these  items  and  others 
of  a  more  or  less  misleading  or  mys- 
tifying nature  the  book  will  be  found 
to  contain,  in  a  condensed  way,  in- 
formation concerning  the  history  of 
the  telephone,  and  also  many  illus- 
trations of  apparatus  now  employed 
in  telephony.  There  are  also  some 
well  executed  and  clearly  explained 
diagrams  of  telephone  circuits.  On 
the  other  hand,  many  of  the  diagrams, 
and  so-called  explanations  thereof, 
are  not  worth  the  space  they  occupy 
for  educational  purposes. 


At  a  recent  meeting  of  the  Milan 
(Italy)  City  Council  the  proposition  to 
establish  a  municipal  electric  light 
and  power  plant  was  defeated.  This 
action  of  the  Council  insures  that  the 
Edison  Electric  Company  will  renew 
its  contract  with  the  city. 


Orders  have  been  issued  by  Presi- 
dent Mellen  to  the  traffic  department 
of  the  New  York,  New  Haven  & 
Hartford  Railroad  Company  to  equip 
a  vestibuled  train  with  an  electric 
lighting  plant,  with  generators  on  the 
car  axles.  It  is  stated  to  be  President 
Mellen's  intention  to  replace -gas  with 
electricity  all  over  the  line,  and  this 
progressive  plan  is  to  be  put  into  op- 
eration at  once. 


Telephone  connection  is  said  to 
have  been  established  between  the 
churches  and  hospitals  of  Wichita, 
Kan.  The  receivers  in  the  churches 
have  been  equipped  with  megaphones 
and  every  remark  of  the  pastors  is 
clearly  audible  in  the  hospitals. 
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THE    MANUFACTURES    PALACE    AT    ST.    LOUIS 


Electricity  at  the   St.   Lo\iis  Exposition 

By   W.  E.  GOLDSBOROUGH,  Chief  of   the   Department   of   Electricity 


EACH  World's  Fair  is  a  rec- 
ord of  progress  in  art,  sci- 
ence and  industry.  The  time  is 
often  too  short  between  recur- 
ring ^  expositions  to  mark  a  sub- 
stantial advancement  in  many  lines  of 
effort,  but  this  is  not  true  of  electric- 
ity. An  entire  epoch  in  electrical  de- 
velopment is  covered  by  the  space  of 
a  few  years.  A  scientific  discovery 
opens  an  entirely  new  field  of  re- 
search, and  each  advance  in  one  line 
has  its  influence  on  all  others.  Appar- 
atus and  machinery  which  a  decade 
ago  represented  the  best  engineering 
effort, now  are  electrically  obsolete,  it 
is  this  difficult,  but  fortunate,  condi- 
tion which  confronts  those  in  charge 
-i  t 


of  the   electrical   effects   and   exhibits 
at  each  exposition. 

Cumulative  experience  now  enables 
electrical  experts  to  produce  lighting 
effects  which  are  most  spectacular: 
Such  displays  are  not  solely  to  please 
the  spectators;  they  educate  the  pub- 
lic to  a  better  appreciation  of  artificial 
lighting.  There  is  no  doubt  that  the 
Columbian  Exposition  in  1893  gave 
a  great  impetus  to  decorative  lighting, 
such  as  may  be  seen  in  the  theatres, 
places  of  amusement,  like  Luna  Park, 
Coney  Island,  and  along  the  princi- 
pal   business    thoroughfares    of    any 


large  city. 


The    main  illumination    at    the  St. 
Louis  Exposition  will  be  around  the 


Cascades,  Grand  Basin  and  the  Pal- 
aces of  Electricity  and  Education.  It 
is  planned  by  the  experts  to  be  greater 
in  extent  and  brilliancy  than  anything 
ever  attempted.  On  the  crest  of  the 
hill,  in  the  center  of  the  Exposition 
grounds,  is  the  Colonnade  of  States, 
extending  crescent-shaped  for  more 
than  a  quarter  of  a  mile,  with  the  great 
domed  Festival  Hall  in  the  center.  The 
Cascade  Gardens,  1900  feet  wide  and 
1 100  feet  deep,  slope  gradually  from 
the  colonnade  to  the  Grand  Basin. 

The  Palaces  of  Electricity  and  Edu- 
cation, located  on  opposite  sides  of  the 
Grand  Basin,  require  12,000  electric 
lamps  each,  while  Festival  Hall,  with 
its  flanking  colonnades  and  pavilions 
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surmounting  the  hill  at  the  head  of 
the  Grand  Basin,  has  nearly  20,000 
lamps.  Nearly  all  of  the  exhibit  build- 
ings incorporate  colonnades  in  their 
structure.  Lamps  are  placed  15 
inches  apart  on  the  rear  side  of  the 
columns,  and  the  light,  striking  the 
building  walls  from  10  to  20  feet  be- 
hind, causes  the  columns  to  stand  out 
sharply  against  a  brilliant  white  back- 
ground.    In  addition  to  the  lights  on 


In  placing  the  lamp  sockets  on  the 
columns  and  pavilions.,  a  triple  socket 
is  used  in  each  case,  containing  a 
white,  amethyst  and  emerald  eight 
candle-power  lamp.  The  wiring  has 
been  done  on  a  triple  three-phase  sys- 
tem using  a  common  neutral :  that  is, 
the  feeders  from  a  three-phase  system 
supply  the  light  for  all  of  the  plain 
white  lamps.  The  neutral  for  this  set 
is  also  the  neutral  of  a  similar  set  of 


cuits,  these  are  under  control  of  one 
operator  whose  duty  it  is  to  carry  the 
lighting  effects  through  definite  and 
predetermined  programmes  to  be  car- 
ried out  on  certain  nights. 

The  exception  of  this  triple-lighting 
scheme  is  the  Festival  Hall,  the  lights 
on  which  will  be  white.  The  great 
dome,  rising  over  200  feet  above  the 
Grand  Basin,  will  be  surmounted  by 
several   rows   of    incandescent   lamps 


the  columns,  the  vertical  lines  of  the 
corners  and  main  entrances  of  the 
building  and  the  horizontal  lines  of 
the  cornice  and  other  architectural 
features,  are  marked  by  rows  of  lamps 
placed  at  15-inch  centers.  These 
serve  to  bring  out  the  architecture  of 
the  buildings  in  a  very  striking  and 
pleasing  manner,  for  the  lights  ap- 
pear as  a  solid  line  rather  than  a  suc- 
cession of  points. 

For  the  illumination  of  the  Colon- 
nade of  States,  three  sets  of  lights, 
white,  amethyst  and  emerald  are  used. 


INSTALLATION    PLAN   OF  THE  ELECTRICITY  BUILDING 

three-phase  feeders  supplying  all  of 
the  emerald  lamps,  while  a  third  set 
supplies  the  light  to  the  amethyst 
lamps  using  the  same  neutral  as  the 
other  two. 

This  involves  the  use  of  ten  feed 
wires  and,  at  first  sight,  it  would  seem 
rather  complicated,  but  the  ease  with 
which  the  different  circuits  can  be 
controlled  and  the  possibilities  of  the 
lighting  effects  that  can  be  secured, 
more  than  compensates  for  the  seem- 
ing complication.  By  means  of  dim- 
mers, placed  in  each  of  the  three  cir- 


placed  as  close  together  as  possible, 
while  the  ribs  will  be  marked  with 
lamps  placed  on  6-inch  centers.  The 
cornice  lines  and  entrances  will  be 
outlined    in    a    similar    manner.     No 


rheostats  will  be  placed  in  this  cir- 
cuit, and  this,  the  central  figure  of  the 
Exposition,  will  stand  out  at  all  times 
in   dazzling   white. 

The  number  of  combinations  that 
can  be  produced  are  almost  endless. 
For  instance,  the  entire  area,  with  the 
exception  of  Festival  Hall,  may  be 
darkened,  not  a  light  of  any  kind  ap- 
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pearing;  then,  so  gradually  that  the 
changes  are  imperceptible,  the  emerald 

circuit  may  be  lighted;  then  perhaps 
the  emerald  light  will  gradually  die 
down  until  just  before  it  is  entirely 
extinguished,  the  amethyst  circuit  will 
be  built  up.  The  search  lights  along 
the  roofs  of  the  Electricity  and  Edu- 
cation buildings  will  be  thrown  upon 
the  Cascades,  and  there  will  be  many 
other  spectacular  features  besides. 

All  cornice  lines,  columns  and  the 
architectural  decorations  of  the  prin- 
cipal buildings  will  be  studded  with 
incandescent  lamps.  Outside  the  cen- 
tral picture  the  buildings  will  be  suita- 
bly lighted,  although  not  so  elabor- 
ately. 

Three  cascades,  each  290  feet  long, 
descend  in  a  series  of  fourteen  falls. 
These  will  be  brilliantly  illuminated 
in  colors  similar  to  the  great  columns 
along  the  colonnade.  The  total  dis- 
charge of  water  will  be  about  90,000 
gallons  per  minute,  at  a  head  of  159 
feet,  forming  the  greatest  artificial 
water  fall  ever  attempted.  About 
53,000  gallons  per  minute  pass 
through  the  main  cascade,  23,000 
gallons  through  each  of  the  two  sides, 
and  14,000  through  the  four  fountains 
in  the  Grand  Basin.  x\long  the  main 
cascade  there  will  be  twenty-eight  jets 
playing  at  the  sides.  The  pumping 
station  is  under  the  east  cascade  and 
contains  three  2000  H.  P.  induction 
motors,  direct-connected  to  36-inch 
single  -  phase  Worthington  turbine 
pumps.  Water  is  drawn  from  the 
basin  through  an  intake  56  inches 
wide,  12  inches  deep  and  750  feet  long 
in  order  to  avoid  creating  a  current  in 
the  basin.  The  water  supply  is  care- 
fully filtered  before  entering  the  basin 
and  is  simply  circulated  from  the 
basin  to  the  cascades  over  and  over 
again. 

The  power  supply  for  illumin- 
ation and  operating  exhibits  has 
been  met  largely  by  the  build- 
ing of  the  largest  temporary 
power  station  ever  erected.  It  was 
possible  to  rent  but  7500  K.  W.  from 
the  Union  Light  &  Power  Company 
of  St.  Louis.  This,  however,  is  only  a 
small  percentage  of  what  is  needed. 
A  service  plant,  contracted  for  with 
the  Westinghouse  Electric  &  Manu- 
facturing Company,  consists  of  four 
2000  K.  W.  generators,  direct-con- 
nected. The  engines  are  Westing- 
house  vertical  compounds,  two  of 
them  connected  to  Westinghouse 
generators  and  two  to  General  Elec- 
tric Company  generators. 

Besides  these  two  sources  of  power, 
there  will  be  also  the  exhibitors' 
power  plant.  The  largest  item  is  an 
Allis  -  Chalmers  vertical  -  horizontal 
compound  engine  of  5000  H.  P.  ca- 
pacity, direct-connected  to  a  Bullock 


alternating-current  generator.  Sev- 
eral units  of  the  exhibitors'  plant  are 
used  solely  for  the  current  supply  to 
the  Intramural  Railway.  The  rated 
capacity  of  the  installation  in  Ma- 
chinery Hall  is  about  25,000  H.  I'. 

Immediately  to  the  west  of  Machin- 
ery Hall  is  the  Steam,  Gas  and  Fuel 
Building,  covering  an  area  of  about 
2.\  acres.  There  will  be  in  this  six- 
teen 400  H.  P.  Babcock  &  Wilcox 
boilers,  7200  H.  P.  of  Aultman-Taylor 
boilers,  3200  H.  P.  of  Heine  boilers, 
1500  H.  P.  of  Belleville,  800  H.  P. 
of  Niclausse  and  about  1000  H.  P. 
of  other  makes.  Otherwise  the  boiler 
house  has  a  complete  equipment  of 
coal  handling  apparatus,  mechanical 
stokers,  cooling  towers  and  accessor- 
ies. Steam  tunnels  extend  from  the 
boiler  house  only  to  Machinery  Hall,- 
because  the  distances  to  other  build- 


spectators  may  view  the  cascade  illu- 
mination. On  pedestals  over  the  east 
porticoes  are  figures  of  heroic  size, 
typifying  the  attributes  of  electricity, 
"Light,"  "Power,"  "Speed,"  and 
"Heat."  The  building  has  an  open 
central  court  which  will  be  made 
beautiful  by  flower  beds  and  lawns. 
The  court  is  a  pleasing  feature  of  the 
building,  and  will  provide  a  quiet  re- 
treat and  resting  place  for  tired  visit- 
ors. The  corner  towers  are  surround- 
ed by  groups  of  statuary.  At  the  pin- 
nacle is  a  group,  "Light  and  Dark- 
ness," typifying,  electricity.  The  two 
lower  groups  are  entitled  "Wonders 
of  the  Aurora"  and  "  Wonders  of  the 
Lightning."  At  the  main  entrances 
statues  of  the  famous  pioneers  of 
electricity  will  be  seen. 

The  ground  plan  of  the  Electricity 
Building  on  this  page  shows  the  man- 


A    VIEW    OF    THE    BOILER    HOUSE    WITH     COOLING    TOWERS    AT    THE    RIGHT 


ings  are  so  great  as  to  make  steam 
piping  to  them  impractical. 

The  eastern  and  southern  exposures 
of  the  Electricity  Building  front  upon 
the  Grand  Basin  and  are  in  direct 
view  of  the  electric  fountains,  the  Col- 
onnade of  States,  Festival  Hall  and  the 
Art  Building.  The  west  and  north 
sides  of  the  building  are  flanked  by 
lagoons;  consequently  it  is  entirely 
surrounded  by  water:  No  other  ex- 
position building  is  within  300  feet  of 
its  approaches.  The  architects  of  this 
building  have  given  the  design  a  bold 
columnated  treatment  of  the  Corin- 
thian order,  as  may  be  seen  in  the 
view  of  the  south  facade  on  page  186. 
The  columns  are  carried  well  down 
toward  the  ground,  to  give  height  to 
the  facades,  which  are  accentuated  by 
elevated  pediments  and  tower  effects 
over  the  four  main  entrances  and  at 
the  corners. 

On  two  sides  of  the  building  are 
loggias    with    galleries,    from    which 


ner  in  which  the  aisles  and  sections 
have  been  laid  out  in  the  building. 
A  larger  percentage  of  the  area  under 
roof  has  been  made  available  for  ex- 
hibits than  is  generally  the  case  in  the 
other  exposition  buildings.  This 
crowding  has  been  deemed  necessary 
on  account  of  the  great  and  diversified 
interests  centered  here.  All  exhibit 
space  is  on  the  ground  floor  with  am- 
ple head  room ;  in  fact,  over  the  center 
sections  the  roof  is  75  feet  above  the 
floor.  Over  Sections  1  and  2  there 
is  a  gallery  22  feet  wide  and  250  feet 
long,  divided  and  furnished  as  offices 
for  the  department  of  electricity  and 
as  jury  and  committee  rooms. 

Beneath  the  gallery  are  the  main 
offices  of  the  telegraph  companies 
through  which  all  the  news  will  be 
sent  from  the  Exposition,  and  also-  the 
booths  of  the  technical  press.  The 
central  portion  of  Section  4  is  occu- 
pied by  the  sub-station  for  the  build- 
ing,   and    contains  the    transformers 
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and  rotary  converters.  From  the 
power  station  and  from  the  sub-sta- 
tion mains  the  following  currents  are 
available  for  lighting  and  power  in 
the  building: 

104-volt,  25-cycle  alternating  cur- 
rent, 1  and  3-phase. 

104-volt,  60-cycle  alternating  cur- 
rent, 1  and  2-phase. 

6600-volt,  25-cycle  alternating  cur- 
rent, 1  and  3-phase. 

2200-volt,  60-cycle  alternating  cur- 
rent, 1  and  2-phase. 

2200-volt,  50-cycle  alternating  cur- 
rent,   1  and  3-phase. 

1 10-volt  direct  current. 

220-volt  direct   current. 

500-volt  direct  current. 

For  the  distribution  of  the  above 
service  the  following  plans  have  been 
adopted : 

104-volt,  25-cycle,  300  K.  W.  avail- 
able and  distributed  over  entire  build- 


ing. 


104-volt,  60-cycle,  100  K.  W.  avail- 
able and  distributed  over  entire  build- 


ing. 


uo-volt  direct  current,  220-volt  di- 
rect current,  500-volt  direct  current, 
300  K.  W.  available  and  distributed 
over  building. 

6600-volt,  25-cycle,  100  K.W.  avail- 
able at  transformer  space  only. 

2200-volt,  60-cycle,  50  K.  W.  avail- 
able space  only. 

2200-volt,  50-cycle,  50  K.  W.  avail- 
able at  transformer  space  ony. 

In  addition  to  the  service  men- 
tioned above,  there  is  at  the  trans- 
former space  a  limited  quantity  of  340- 
volt,  25-cycle,  1  and  3-phase,  and  400- 
volt,  25-cycle,  1  and  3-phase  current. 
These  two  items  are  for  supplying 
current  to  rotary  converters  and  mo- 
tor-generators installed  in  the  trans- 
former space. 

Just  east  of  the  sub-station  a  num- 
ber of  the  leading  electro-therapeutic 
manufacturers  are  erecting  booths 
and  preparing  for  their  exhib- 
its. In  portions  of  Sections  3,  4 
and  6  will  be  located  the  railway 
exhibits,  such  as  street  railwav  mo- 
tors, controllers,  brakes  and  elec- 
tric locomotives.  The  greater  part 
of  the  western  side  of  the  building 
is  occupied  with  heavy  exhibits  for 
which  the  traveling  crane  over  Sec- 
tions 3,  6,  8,  14  and  17  is  available. 
A  30-ton,  four-motor  Pawling  & 
Harnischfeger  crane,  with  a  span  of 
60  feet,  renders  this  service. 

The  Western  Electric  Company  oc- 
cupies a  portion  of  Section  17,  in  the 
center  of  which  a  motor-generator 
equipment  will  be  installed,  consist- 
ing of  two  100  K.  W.  frames,  the 
motor  side  taking  current  at  500  volts 
and  the  generator  side  delivering  cur- 
rent at  220  volts.  This  unit  will  oper- 
ate in  coniunction  with   a   1  s  K.  W. 
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compensator,  permitting  the  use  of 
uo-volt  current.  The  center  space 
will  also  contain  two  switchboards, 
one  for  controlling  the  operation  of 
the  apparatus  receiving  current  from 
the  motor-generator. 

In  the  northeast  corner  of  the  space 
a  small  machine  shop  will  be  installed 
where  there  will  be  exhibited  in  actual 
operation  some  of  the  modern  ma- 
chine tools  driven  by  Western  Elec- 
tric motors  on  the  three-wire  multi- 
voltage  system,  and  also  a  line  of  new 
motor-driven  emery  grinding  ma- 
chines. West  of  the  machine  shop 
will  be  exhibited  several  direct-con- 
nected and  belt-driven  generators  and 
a  number  of  Cornish  cycle  engines  di- 
rect connected  to  the  generators,  these 
sets  being  especially  for  marine  use. 

In  the  southwest  corner  of  the  space 
will  be  shown  a  series  of  alternating 
arc  light  equipment,  consisting  of  a 
full  line  of  transformers,  regulators  and 
switchboards.  Opposite  this,  in  the 
extreme  southeast  corner,  will  be  ex- 
hibited ornamental  arc  lamp  stands 
from  which  will  be  suspended  various 
types  of  arc  lamps;  a  number  of  sew- 
ing-machine motors  will  be  shown  in 
operation.  Fan  motors  and  ceiling 
fans  will  be  distributed  throughout  the 
space,  suspended  from  overhead,  and 
a  number  of  boards  containing  sup- 
plies manufactured  for  leading  com- 
panies throughout  the  country. 

In  the  spaces  beneath  the  crane  and 
adjoining,  fine  exhibits  are  now  being 
prepared  by  the  Bullock  Electric 
Manufacturing  Company,  the  Wag- 
ner, Fort  Wayne,  Northern,  National 
and  Commercial  Electric  Companies, 

The  portion  of  Section  17  not  cov- 
ered by  the  traveling  crane  and  ad- 
joining the  Western  Electric  Com- 
pany on  the  south,  is  the  exhibit  of 
the  American  Telephone  &  Telegraph 
Company.  An  operating  exchange 
will  be  connected  with  the  Bell  lines 
in  St.  Louis,  and  the  exchange 
will  be  housed  in  a  verv  beautiful 
booth.  This  service  will  permit  com- 
munication from  place  to  place  within 
the  grounds  and  throughout  the  city, 
and  will  connect  with  the  long  dis- 
tance lines.  An  exhibitor  can  thus 
telephone  to  a  neighboring  exhibitor 
or  talk  to  his  home  office  in  New 
York,  Chicago  or  elsewhere.  The  tel- 
ephone company  will  charge  the  Ex- 
position Company  for  this  service, 
and  from  the  Exposition  the  exhibitor 
and  concessionaire  can  rent  the  tele- 
phones. 

Two  of  the  exhibits  in"  Section  19 
will  be  made  by  wireless  telegraph 
companies.  The  American  De  Forest 
Wireless  Telegraph  Company  is  erect- 
ing three  wooden  towers  75  feet  in 
height,  from  which  antennae  will  be 
strune  to  the  floor  and  connected  to 


the  transmitting  and  receiving  instru- 
ments. Messages  will  be  sent  to  other 
points  in  the  building  and  to  their 
large  station,  which  is  in  the  model 
city,  southwest  of  the  Electricity 
Building.  The  steel  tower  of  the  out- 
door station  which  is  now  being  erect- 
ed was  formerly  at  the  Tower  Hotel, 
Niagara  Falls.  It  is  over  300  feet 
in  height,  and  in  addition  to  serving 
as  a  mast,  it  has  three  large  platforms 
at  and  near  the  top,  for  observation. 
This  station  will  be  equipped  with 
the  most  powerful  apparatus  that  has 
been  made  in  this  country,  and  with 
favorable  conditions,  messages  will  be 
sent  and  received  at  another  station 
in  Chicago. 

The  Thomas  E.  Clark  Wireless 
Telegraph-Telephone  Company  is 
now  preparing  an  exhibit  of  wireless 
apparatus,  from  the  first  model  to  the 
latest  type  of  demonstration  and  the 
long-distance  instruments,  most  of 
them  in  operation.  The  exhibit  items 
will  consist  of  wireless  telegraph  ap- 
paratus in  all  stages  of  development; 
wireless  railroad  safety  electric  signal- 
ling devices,  by  means  of  which  "rear 
end"  or  "head  on"  collisions  can  be 
avoided,  where  special  instruments 
are  placed  in  the  cab  of  the  locomotive 
to  warn  the  engineer  of  danger; 
a  wireless  telephone  in  actual  opera- 
tion, a  wireless  fire  alarm  system  for 
municipal  and  private  use;  marine 
wireless  systems  for  transmission  of 
messages  to  and  from  the  shore  and 
separate  installations  of  instruments 
which  will  show  the  location  of  ap- 
proaching vessels  in  fog  or  darkness, 
giving  audible  notice  of  such  ap- 
proach. The  instruments  will  be 
shown  working  under  actual  commer- 
cial conditions,  both  at  the  space  and 
at  out-door  stations.  Messages  will  be 
transmitted  for  visitors  between  the 
stations  and  the  exhibit  proper  and 
vice  versa. 

When  space  was  being  assigned  to 
the  foreign  governments,  Japan  made 
application  for  space  in  the  Electricity 
Building  to  display  protographs  of 
electrical  engineering  work  in  Japan. 
It  was  suggested  by  the  Department 
that  an  exhibit  of  electrical  apparatus 
and  machinery  of  Japanese  manufac- 
ture would  be  more  appropriate.  The 
Japanese  Commissioner  doubted  his 
ability  to  make  a  creditable  showing 
in  this  line,  but  promised  to  make  the 
effort.  His  endeavor  proved  more 
fruitful  than  anticipated,  for  his  col- 
lection of  electrical  exhibits  not  only 
filled  the  space  assigned,  but  also  an 
addition.  This  will,  doubtless,  be  of 
great  interest,  for  the  Japanese  engi- 
neers who  designed  and  built  the  ap- 
paratus shown  were  largely  educated 
in  America. 

The  Italian  exhibit  will  be  located 
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in  Section  18.  This  will  consist 
chiefly  of  fine  scientific  apparatus  and 
instruments  of  precision. 

Section  35  is  to  be  occupied  by  Ger- 
many, and  the  exhibit  will  be  particu- 
larly strong  in  the  line  of  electro- 
chemistry. France  will  cover  Sec- 
tions 34,  2>7  and  38,  and  Great  Britain 
is  now  putting  up  a  facade  and  install- 
ing exhibits  in  Section  7. 

The  exhibits  of  the  Kellogg  Switch- 
board &  Supply  Company,  the  Auto- 
matic Electric  Company  and  the  Fal- 
ler  Automatic  Telephone  Company 
will  cover  Section  24.  The  Automatic 
Electric  Company  is  now  installing 
two  automatic  switchboards,  one  toll 
board  for  connecting  some  manual 
telephones  to  the  automatic  switch- 
boards, a  storage  battery  for  operat- 
ing the  switches  and  also  a  display 
of  desk  automatic  telephones.  A 
switch  enclosed  in  a  glass  case  will  be 
constantly  operated  and  fitted  with  a 
register  to  take  count  of  the  number 
of  calls  made.  A  handsome  booth 
will  enclose  this  exhibit. 

The  Faller  exhibit  will  consist  of 
two  parts,  one  showing  an  entirely 
automatic  telephone  exchange,  and 
the  second  a  semi-automatic  system. 
There  will  be  an  automatic  mechani- 
cal operator  which,  by  adding  to  the 
present  multiple  switchboards,  will 
convert  these  for  automatic  service. 

In  the  Kellogg  space  a  common 
battery  two-wire  multiple  switchboard 
will  be  shown  embodying  all  the  latest 
features  of  the  Kellogg  system.  This 
will  be  a  working  exhibit,  as  the  board 
will  be  connected  by  trunks  to  the 
exchange  of  the  Kinloch  Telephone 
Company  of  St.  Louis,  and  will  fur- 
nish service  to  one  thousand  or  more 
subscribers  on  the  Exposition 
grounds. 

A  complete  line  of  mechanical  sig- 
nal and  lamp  signal,  private  branch 
and  private  exchange,  switchboards, 
will  also  be  exhibited,  and  magneto 
switchboards  for  small  exchanges. 
In  addition  to  the  above,  a  bank  of 
magnet  wire  insulating  machines  will 
lie  in  operation. 

A  historical  exhibit  is  being  ar- 
ranged in  section  25  by  B.  F.  Was- 
son.  This  will  indicate  the  advances 
made,  step  by  step,  from  the  most 
primitive  methods  of  communication 
to  the  present  state  of  the  art. 

The  exhibit  of  the  Holophane 
Glass  Company  will  be  one  of  the 
most  striking  in  the  Electricity  Build- 
ing, for  although  it  occupies  a  little 
less  than  2500  square  feet,  it  will  be 
lighted  by  over  1000  incandescent 
lamps.  The  booth  is  in  the  form  of 
a  Grecian  temple  fronting  on  three 
aisles  in  Section  25.  It  has  a  frontage 
of  7 7  feet  on  the  main  aisle  and  31  feet 
pn  each  side  aisle.    The  main  entrance 


consists  of  a  handsome  ornamental 
doorway,  four  large  pillars  being  on 
each  side  of  this  doorway.  A  large 
center  room  will  be  divided  into  two 
portions,  showing  two  dining  rooms 
which  will  be  fitted  identically,  as 
far  as  furnishings  and  fixtures  are 
concerned,  but  in  one  case  Holophane 
globes  will  be  used  and  in  the  other 
ordinary  globes,  so  that  a  person  can 
see  at  a  glance,  by  looking  at  the  two 
rooms,  the  difference  in  illumination 
caused  by  using  different  globes.  On 
each  side  of  this  large  room  there  will 
be  another  large  room,  suitably  di- 
vided so  as  to  show  twelve  dark 
rooms,  in  which  there  will  be  an  op- 
portunity to  compare  the  different 
forms  of  Holophane  globes  and  Pa- 
goda reflectors  with  other  kinds  of 
globes  and  reflectors. 

On  the  opposite  side  of  Section  25 
there  will  be  a  booth  of  the  Weston 
Electrical  Instrument  Company. 
Within  will  be  a  display  of  all  kinds  of 
high-grade  electrical  instruments 
made  by  this  company,  arranged  as  a 
standardizing  laboratory.  The  Gen- 
eral Electrical  Company  and  Edison 
exhibits  also  have  conspicuous  loca- 
tions in  the  eastern  part  of  the  build- 
ing.' 

The  National  Bureau  of  Standards 
has  a  series  of  laboratories  covering 
Section  29,  which  will  be  one  of  the 
most  unique  and  valuable  features  of 
the  whole  building.  A  complete  equip- 
ment of  scientific  apparatus  and  instru- 
ments in  the  hands  of  government 
experts  will  enable  complete  and  ac- 
curate tests  to  be  made  on  all  forms 
of  electrical  machinery.  These  facili- 
ties will  be  at  the  disposal  of  the  juries 
of  award,  the  exhibitors  and  the  de- 
partment. The  result  of  the  work 
done  by  this  laboratory  will  furnish  a 
permanent  record  of  the  electrical 
department  which  will  doubtless  be  of 
great  value. 

At  this  time  only  an  incomplete  ac- 
count can  be  given  of  the  exhibit  fea- 
tures on  account  of  the  varying  de- 
grees of  progress  made  by  the  differ- 
ent companies.  Practically  all  the 
leading  electrical  companies  in  the 
United  States  are  exhibitors,  and 
such  care  and  attention  has  been  given 
to  the  plans  and  installations  that  the 
Electricity  Building  will  probably  be 
one  of  the  centers  of  interest  about  the 
Exposition. 


Elastic  Machinery  Foundations 

MAKING  machinery  foundations 
elastic,  says  "Cassier's  Maga- 
zine," so  as  to  minimize  or 
even  altogether  prevent  vibration 
of  buildings,  is  a  recently  men- 
tioned subject,  special  reference  hav- 
ing been  made  to  the  uses  of 
a  particular  new  kind  of  impreg- 
nated foundation  felt  which  is 
claimed  to  have  given  very  satisfac- 
tory results.  It  has  been  spoken  of  as 
intended  chiefly  for  insertion  beneath 
rails,  girders  and  machine  beds,  and 
as  being  made  in  sheets  of  varying 
thickness,  from  f-inch  to  l|-inch.  The 
felt  is  impregnated  with  mineral  fat, 
so  as  to  be  moisture-proof.  In  Ger- 
many it  is  said  to  be  in  extensive  use 
in  connection  with  steam  hammers, 
pumps,  steam  engines  and  much  other 
machinery;  under  bridge  girders,  rail- 
way ties,  rail  chairs  and  car  bodies; 
and  between  columns  and  joists  in 
buildings,  and  on  shipboard  to  separ- 
ate machinery  from  steel  decks  and 
bulkheads.  The  sheets  are  made  in 
different  sizes  up  to  60  inches  in 
length  x  30  inches  in  width.  Felt 
mats  have  for  many  years  been  used  as 
anti-vibration  expedients,  so  that 
there  is  ample  reason  to  expect  satis- 
faction from  the  employment  of  the 
so-c,alled  "foundation  felt,"  here 
noted ;  but  it  may  not  be  amiss  to  ob- 
serve that  in  many  instances  the  ap- 
parent desirability  of  its  use  is  indica- 
tive simply  of  something  wrong  in  the 
machinery  installation.  Small  earth- 
quakes from  the  operation  of  a  steam 
hammer,  and  trembling  buildings 
from  fast-running  machinery,  often 
are  proofs  that  the  machinery  has  not 
been  properly  put  in.  Foundations 
rightly  proportioned  and  rightly  laid 
would  materially  restrict  the  market 
for  special  foundation  preparations 
and  confine  their  use  to  the  un- 
derlaying of  rail  chairs,  bridge 
girders  and  such  other  more 
appropriate  things  as  have  al- 
ready been  mentioned  in  this  para- 
graph. With  these  their  services 
would  seem  to  have  a  fitness  entirely 
lacking  where  moving  machinery  is 
concerned. 


The  New  England  Passenger  Asso- 
ciation and  the  Trunk  Line  Associa- 
tion have  granted  a  rate  of  a  fare  and 
a  third,  from  points  in  their  territory 
to  Boston,  for  the  delegates  attending 
the  twenty-seventh  convention  of  the 
National  Electric  Light  Association, 
to  be  helfj  in  Boston,  May  24  to  27, 


A  marked  increase  in  the  price  of 
iridium,  the  second  in  commercial  im- 
portance of  the  platinum  group  of 
metals,  took  effect  during  the  last 
month.  This  fact  is  of  particular  im- 
portance to  the  electrical,  chemical 
and  dental  industries,  which  are  ex- 
tensive consumers  of  the  various  al- 
loys of  iridium  and  platinum.  Recent 
reports  indicate  a  very  marked  short- 
age in  the  supply  of  iridium,  while 
the  demand  for  this  metal  is  rapidly 
increasing, 


Underground   Conduit  Systems  for  Electric   Wires 


By   C.  J.  FIELD 


A   MANHOLE  FOR  IRON   PIPE  CONDUITS 

UNDERGROUND  conduits  for 
electric  wires  have,  commer- 
cially, been  the  development  of 
the  past  twenty  years.  They  have 
wrought  great  changes  in  the  appear- 
ance and  safety  of  city  streets  in  that 
time,  having  done  away  with  the  once 
common  mass  of  overhead  wires.  No 
argument  is  now  needed  to  convince 
the  public  official,  the  private  corpora- 
tion, or  the  public  at  large  of  the  gain 
to  be  secured  by  the  public,  the  manu- 
facturer, the  operator  and  the  indi- 
vidual by  the  installation  of  conduit 
systems  wherever  and  whenever  the 
amount  of  commercial  interests  and 
public  requirements  warrant  the  in- 
creased investment. 

Although  conduit  systems  cost 
from  five  to  ten  times  as  much  as 
those  of  a  corresponding  capacity  in 
overhead  pole  lines,  the  increased  in- 
vestment is  more  than  counterbal- 
anced by  the  improved  service  to  the 
public  and  reduced  renewal  expenses. 
This  fact  was  typically  illustrated  two 
years  ago  by  the  amount  of  damage 
caused  to  an  overhead  system  in  one 
city  of  less  than  200,000  inhabitants, 
and  the  territory  surrounding  it.  The 
direct  loss  in  repair  work  by  two  days' 
storm  was  $140,000.  As  a  result,  that 
company  has  since  greatly  extended 
its  underground  system  at  a  much 
more  rapid  rate  than  it  had  been  doing 
for  several  years  previous. 


Power,  telephone  and  telegraph 
companies  also  are  commencing  to 
put  their  trunk  lines  underground  as 
fast  as  engineering  and  commercial 
conditions  will  permit.  It  is  but  a 
step  further  to  the  building  of  under- 
ground trunk  lines  for  service  be- 
tween large  cities,  such  as  Washing- 
ton, Baltimore,  New  York,  Boston 
and  others. 

A  brief  review  of  the  different  types 
of  conduit  systems  used  abroad  and 
in  this  country  during  the  past  twenty 
years  shows  an  interesting  develop- 
ment. At  the  outset,  the  general 
types  of  underground  conduit  in  this 
country  were  largely  creosoted  pump 
log,  creosoted  boxing,  or  iron  pipe. 
These  conduits  were  usually  laid  in 
the  ground  without  any  other  than 
dirt  or  plank  protection.  Wood  in 
any  form,  whether  preserved  or  other- 
wise, has  gradually  passed  out  of  use 
and  is  employed  to-day  to  only  a  very 
limited  extent  in  the  smaller  class  of 
construction  work  or  for  service  con- 
nections. Iron  pipe  conduit  is  now 
confined  mainly  to  special  construc- 
tion or  for  local  service  distribution. 

Another  method  of  conduit  con- 
struction which  was  extensively  used 
fifteen  or  more  years  ago  in  this  coun- 
try, and  which  is  still  used  to  some  ex- 
tent abroad,  is  a  system  of  boxing  or 


troughs  in  which  the  cables  are  laid 
while  the  trench  is  still  open.  A  pitch 
compound  is  then  poured  around  the 
conductors  and  the  boxing  is  covered 
up.  The  disadvantages  of  such  a  sys- 
tem are  manifest.  Trying  to  locate 
or  remedy  faults  in  such  an  installa- 
tion means  practically  rebuilding  it. 
To-day  all  practical  systems  in  any 
extensive  use  in  this  country  must  and 
do  provide  for  a  ready  method  of 
drawing-in  or  removal  of  the  cables. 

For  low-tension  electric  light  ser- 
vice and  local  distribution  with  ready 
facilities  for  house-to-house  connec- 
tions, the  old  Edison  three-wire  tub- 
ing system  has  been  the  standard  for 
many  years.  It  was  introduced  in  the 
early  8o's  at  New  York,  and  Sunbury, 
Pa.,  and  was  the  first  extensive  prac- 
tical and  commercial  underground 
distributing  system  for  electric  light- 
ing service.  For  this  class  of  work 
and  service  it  has  for  many  years  con- 
tinued to  be  the  standard.  The  sys- 
tem consisted  in  standard  iron  piping 
of  standard  length,  containing  three 
copper  conductors  or  rods  as  required 
by  the  Edison  three-wire  system, 
these  conductors  being  separated 
from  one  another  and  from  the  iron 
tubing  by  a  spiral  wrapping  of  hemp 
rope.  The  two  ends  of  each  length 
of  tubing  were  plugged  up  after  hav- 
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A    MANHOLE    FRAME    AND    COVERS 


A  32-DUCT  CLAY  CONDUIT  LINE  IN   BROOKLYN,  NEW   YORK 


ing  had  a  pitch  insulating  compound 
forced  into  the  tubing  under  pressure, 
the  copper  rods  projecting  a  couple  of 
inches  through  the  plug  at  each  end. 
The  pipes  were  connected  by  means  of 
flexible    couplings,     about    6    inches 
long,  and  a  coupling  box  was  placed 
over  them,  this  box  being  filled  with 
pitch     compound.      The     joints     so 
formed  in  the  line  of  pipe  at  every  20 
feet    afforded   a   ready   and   practical 
means  for  making  service  connections 
for  local  distribution,  and  also  a  con- 
venient method  for  locating  faults  and 
removing    damaged     sections.      The 
disadvantages  of  such  a  system  were 
in  the  large  number  of  joints  and  con- 
nections   and    in    its    low    insulating 
qualities. 

Along    with    these    systems    there 
were  in  service  in  the  early  90's  vari- 
ous kinds  of  wood,  fiber  and  paper- 
pulp    tubing,    and    cement-lined    iron 
pipe,    all    of    them    constituting    the 
drawing-in   system  which   is   now   so 
generally     adopted     as     a     standard. 
These  different  systems  of  wood,  pa- 
per,  fiber,  cement,  etc.,  have  during 
the  past  ten  years  been  gradually  su- 
perseded in  all  drawing-in  systems  by 
vitrified   glazed  clay  conduits,  which 
are  now  the  generally  accepted  stand- 
ard   for   95    per   cent,    of   the    under- 
ground conduit  construction  through- 
out the  world.      The  earlier  systems 
have  continued  in  use  to  a  limited  ex- 
tent on  some  special  work,  or  where 
freight  rates  were  a  handicap  to  the 
use  of  clay  conduits.     The  clay  con- 
duits have  proven  the  most  satisfac- 
tory of  any  conduits  ever  employed, 
and  have  given  the  best  mechanical 
protection.     There  is  with  them  en- 
tire absence  of  deterioration,  deprecia- 
tion   or    maintenance    account    other 
than  what  may  be  caused  by  mechani- 
cal injury  due  to  other  excavations  in 
the  streets,  and  judging  from  past  ex- 
perience,   they    appear    to    be    ever- 
lasting. 

The  many  advantages  of  vitrified 
clay  conduit  are  apparent  to  the  most 
casual  observer,  and  its  general  ac- 
ceptance and  specification  as  the 
standard  on  practically  all  prominent 
work  by  both  the  government  and  pri- 
vate corporations  are  further  evidence 
to  its  excellent  qualities.  It  possesses 
the  advantages  of  high  insulating 
properties,  non-absorbency,  resistance 
against  action  of  short  circuits,  fire, 
or  gas,  or  anything  else  other  than 
mechanical  injury.  It  gives  good  me- 
chanical protection  to  the  conductors 
or  cables  within,  and  offers  a  smooth 
surface  with  the  least  resistance  for 
the  drawing-in  of  cables.  It  has  the 
advantage  of  very  moderate  cost,  both 
as  to  material  and  installation. 

Clay. conduits  are  manufactured  in 
either  single  or  multiple  duct  types, 
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EDISON    TUBES   ENTERING  A    JUNCTION    BOX 


covering  all  the  commercial  require- 
ments for  trunk  lines  or  local  distribu- 
tion. As  generally  installed  in  the 
larger  cities,  each  conduit  line  is  sur- 
rounded by  a  complete  concrete  en- 
velope three  or  four  inches  thick.  For 
smaller   cities   and   towns   a   concrete 


AN   EDISON    TEE  COUPLING  BOX,    SHOWING    SER- 
VICE     CONNECTION 

bottom  and  a  concrete  cover  are  all 
that  is  required.  Such  a  system, 
while  in  general  depending  upon  the 
insulating  qualities  of  the  cables  or 
conductors,  has  the  added  advantage 


of  being  itself  an  insulator  or  protec- 
tion to  the  cables,  and  also  free  from 
any  electrolytic  action. 

For  trunk  line  or  feeder  work 
where  no  local  service  distribution  is 
required,  manholes  are  generally  lo- 
cated at  each  street  intersection  at  a 
distance  from  one  another  varying  ac- 
cording to  local  conditions  from  two 
to  five  hundred  feet.  The  duct  holes 
in  the  conduit  system  are  generally  3^ 
to  3 -J-  inches  in  the  clear. 

Where  local  service  distribution  is 
required,  it  is  customary  to  provide 
this,  either  from  the  manholes  at  the 
corners  or  in  the  middle  of  the  block. 
Where  necessary,  a  small,  separate 
distributing  line  of  one  or  two  ducts 
is  run  on  top  of  the  main  feeder  sys- 
tem and  close  to  the  curb,  locating 
thereon  from  time  to  time,  according 
to  local  commercial  requirements, 
small  distributing  manholes  or  hand- 
holes  for  taking  off  connections. 

While  no  underground  conduit  sys- 
tem is  perfect  in  the  attainment  of  the 
result  sought,  the  standard  systems, 
as  installed  to-day  and  as  here  de- 
scribed, fully  meet  the  requirements  of 
practical  commercial  service  in  the 
larger  cities  and  towns.     They  afford 


a  solution  of  the  underground  prob- 
lem and  very  largely  improve  the  ser- 
vice of  all  the  cities  using  them  for 
electric  distribution  in  any  form,  mi 
power,  lighting,  telephone  and  tele- 
graph service,  or  otherwise;  and  what 
is  more  for  the  benefit  of  the  public 
and  the  corporation,  they  very  mate- 
rially and  very  largely  reduce  the  cost 
of  maintenance  and  repairs  as  com- 
pared with  the  overhead  system. 

Only  a  small  percentage  of  the 
wires  in  commercial  work  are  under- 
ground to-day,  yet  the  requirements 
of  the  public  and  of  private  corpora- 
tions are  gradually  increasing  the  ex- 
tent of  underground  systems  and  are 
reducing  the  number  of  wires  remain- 
ing overhead.  Where  the  public  re- 
quirements demand  underground 
wires,  and  where  transmission  com- 
panies are  not  meeting  these  require- 
ments in  a  satisfactory  manner,  the 
cities  themselves  have  frequently  in- 
stalled municipal  underground  con- 
duit systems  and  leased  room  in  them 
to  the  different  companies.  Baltimore 
supplies  one  of  the  most  prominent 
examples  of  this. 

Although  undoubtedly  there  will 
eventually  be  many  changes  in  detail 
and  improvements  in  the  general  ar- 
rangements and  form  of  underground 
systems,  it  may  be  generally  accepted 


A    4-DUCT    CLAY    CONDUIT    LINE   READY    FOR    ITS 
CONCRETE    ENVELOPE 
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that  the  systems  as  at  present  installed 
in  the  best  practice  with  clay  conduits 
will  be  the  general  standard  for  a  good 
many  years  to  come.  There  are  no 
stronger  advocates  of  the  use  and  ex- 
tension of  underground  systems  wher- 
ever the  commercial  requirements  are 
such  as  to  warrant  the  expense  than 
the  progressive  corporations  and  their 
engineers  and  managers. 


Electric  Power  on  War  Ships 

THERE  are  probably  few  places 
of  corresponding  dimensions 
where  electricity  and  elec- 
trical apparatus  are  so  extensive- 
ly and  variously  employed  as  on 
board  a  well  -  equipped  modern 
war  vessel,  and  it  may  be  added 
that  there  are  few,  if  any,  other 
instances  where  the  use  of  electric 
power  has  been  so  rapidly  increased. 
Lieutenant  George,  of  the  United 
States  Navy,  some  time  ago,  in  a 
paper  read  before  the  American  In- 
stitute of  Electrical  Engineers,  made 
some  interesting  comparisons  which 
bring  out  this  fact  quite  clearly.  For 
example,  he  pointed  out  that  the 
"Trenton,"  of  the  United  States  Navy, 
was  the  first  man-of-war  in  the  world 
that  was  lighted  by  the  incandescent 
lamp.  This  was  in  1883.  The  electric 
equipment  of  the  "Trenton"  consisted 
of  a  12-kilowatt  dynamo,  which  gen- 
erated electricity  for  150  16-candle 
power  lamps.  In  1895  the  battleship 
"Indiana"  was  equipped  with  dynamo 
machines  aggregating  67  kilowatts 
capacity,  while  in  1900  an  electric 
plant  having  a  capacity  of  655  kilo- 
watts (877  H.  P.)  was  installed  on  the 
battleship  "Kearsage." 

COST  IN  CENTS  PER  DUCT  FOOT     , 


OVER    THREE    HUNDRED    CONDUITS    ENTER    INTO    THIS     MANHOLE 


1 

3 

15 

17 

IS 

21 

23 

25 

2 

29 

31 

33 

35 

: 

'< 

■:» 

11 

43 

45 

2 

I 

/ 

0 

* 

<rf 

« 

,< 

,'w 

10 

lij 

.0/ 

>    12 

OV 

§" 

a 

&' 

iti 

S    » 

-7 

c 

y 

i./ 

0 

■^r/ 

h    1X 

"7 

^y 

& 

-/ 

<"/ 

R  20 

'  / 

'  / 

0  22 

V 

hj 

-Oj 

*r 

?2i 

1 Q 

-1/ 

'"i 

- 

PI 

Ujj- 

1 

i 

w    20 
O    28 

r 

1. 

■\ 

- 

0 

1 

1 

0 

•', 

u 

O    30 
O    32 

I 

r 

T 

>- 

1 

"S 

s 

£ 

- 

i 

H 

y- 

ai    3+ 

LU 

2    30 

/ 

if) 

<4 

.- 

Z 

7- 

COST     UNDER     AVERAGE 

Z-    38 

CITY         CONDITIONS         OF 

10 

CLAY    CONDUIT    SUBWAY. 

42 

TO    INCLUDE     MANHOLES 

1   41 

AND      INCIDENTALS      ADD 

,     20%    TO    25%    TO    PRICES 

40 

ON   TABLE 

48 

This  equipment  of  the  "Kearsage" 
compares  very  favorably  with  the  rep- 
resentative vessels  of  the  German, 
Russian  and  French  navies,  which 
have  generating  plants  of  325  kilo- 
watts, 588  kilowatts  and  295  kilowatts, 
respectively.  The  steam  engines,  dy- 
namo machines,  switchboards  and  in- 
dicating instruments  of  such  plants 
comprise  a  central  station  ca- 
pable of  supplying  the  needs  of 
a  fairly  large  town.  From  this 
station  electric  cables  of  the  most 
approved  make  run  to  every 
part  of  the  vessel,  conveying  all 
the  electric  power  necessary  to 
operate  hundreds  of  incandescent 
lamps,  searchlights  and  dozens 
of  electric  motors,  ranging  from 
one-twelfth  of  a  horse  power  to 
50  H.  P.  These  electric  motors 
are  used  to  drive  fans,  fixed  and 
portable,  also  the  ventilators  of 
the  main  ventilating  system,  and 
for  ammunition  hoists,  for  chain 
hoists  of  turret  guns,  for  elevat- 
ing and  depressing  the  guns  and 
for  ramming  the  shells  into  the 
breach.  The  turrets  themselves, 
weighing,  with  their  load,  over 
600  tons,  are  turned  by  50  H.  P. 
motors,  and  motors  of  similar 
size  are  employed  to  operate  the 
boat  cranes. 

Electric  motors  are  also  em- 


ployed in  the  more  menial  capacity  of 
driving  air  compressors  for  operating 
other  contrivances.  As  a  means  of 
communication  between  different 
parts  of  the  ship,  electric  call  bells, 
annunciators  and  telephones  are  liber- 
ally employed. 

There  are  also  electric  fire  alarms, 
which  automatically  announce,  by  the 
dropping  of  a  small  shutter,  to  the 
captain's  orderly,  a  temperature  in  ex- 
cess of  100  degrees  F.  in  any  of  the 
magazines,  coal  bunkers  or  store- 
rooms. In  addition,  there  are  elec- 
tric general  alarms,  warning  signals, 
engine  room  telegraphs,  steering  tele- 
graphs and  numberless  other  electric 
indicators  and  signaling  methods,  and 
last,  but  not  least,  a  wireless  telegraph 
system.  It  is  almost  unnecessary  to 
add,  in  view  of  the  foregoing,  that  all 
modern  war  vessels  are  also  equipped 
with  an  up-to-date  electrical  library. 


It  has  been  decided  by  the  authori- 
ties in  charge  of  the  Japanese  tele- 
phone service  to  employ  only  girls, 
both  for  night  and  day  duty,  at  the 
various  exchanges.  Men  were  for- 
merly employed  for  night  duty,  but 
this  arrangement  proved  unsatisfac- 
tory. This  branch  of  the  service 
gives  employment  to  3017  persons,  of 
which  number  1129  are  girls. 


The  Snoqvialmie   FeJls  and   White   River 

Power  Development 

By    CHARLES    H.  BAKER,  M.  Am.  Soc.  C.  E..  Chief  Engineer  and  General  Manager 


THE  newly  organized  Snoqual- 
mie  Falls  &  White  River  Pow- 
er Company,  capitalized  at 
$3,000,000,  has  acquired  by  purchase 
the  properties  of  the  noted  Sno- 
qualmie  Falls  Power  Company, 
the  Seattle  Cataract  Company  and  the 
Tacoma  Cataract  Company,  and  it 
has  also  taken  a  thirty-five  years'  lease 
of  the  White  River  Power  Company, 
which  is  developing  near  Seattle,  in 
the  State  ■  of  Washington,  a  power 
plant  in  the  White  River  unequalled 
in  America  in  size,  simplicity  and  low 
cost.  The  White  River  Power  Com- 
pany was  formerly  owned  by  the 
Westinghouse  Electric  &  Manufac- 
turing Company,  of  Pittsburgh. 

It  is  now  generally  conceded  that 
Snoqualmie  River  and  White  River 
afford  the  only  commercial  water 
powers  tributary  to  the  Puget  Sound 
communities.  While  there  are  nu- 
merous streams  in  that  section  of  the 
country,  and  any  stream  which  has 
positive  direction  of  flow  may  theoret- 
ically be  a  water  power,  yet  practi- 
cally it  is  unsafe  to  consider  any  stream 
as  a  commercial  possibility  unless  its 
volume  at  minimum  flow  is  ample  and 
unless  nature  has,  figuratively  speak- 
ing, done  most  of  the  work  in  the 
proposed  power  development,  as  is 
the  case  at  both  the  Snoqualmie  and 
the  White  River  plants. 

It  must  not  be  lost  sight  of  that 
Puget  Sound  already  affords  the 
cheapest  fuels  in  the  world  for  power 
in  the  shape  of  nearby  coal  and  wood 
and  the  first  serious  point  to  be  con- 
sidered by  the  hydraulic  engineer 
therefore  in  order  to  protect  investors, 
is  whether  the  proposed  water  power 
can  successfully  compete  in  cost.  It 
is  the  careful  consideration  of  this  con- 
dition which  bars  nearly  all  the  rivers 
and  the  streams  in  the  American 
northwest  from  having  significance 
as  power  possibilities.  Streams  which 
must  be  discarded  for  consideration 
in  Puget  Sound,  would,  if  they  could 
be  shifted  to  other  fields,  like  Califor- 
nia, Nevada  and  the  Central  States, 
where  fuels  are  high,  become  import- 
ant industrial  factors  and  wealth-pro- 
ducing agencies. 

In    the    foothills    of    the    Cascade 


Mountains,  under  the  shadow  of  the 
majestic  snow-capped  peak  of  Mount 
Rainier,  the  White  River  Power  Com- 
pany is  constructing  a  power  plant 
which  is  destined  to  play  a  very 
important  part  in  the  develop- 
ment of  that  country,  wonderfully  rich 
in  natural  resources,  lying  between 
Portland,  Ore.,  on  the  south,  Vancou- 
ver, B.  C,  on  the  north,  the  Cascade 
Mountains  on  the  east,  and  the  shores 


of  Puget  Sound  on  the  west.  Utiliz- 
ing the  water  power  of  White  River, 
a  glacial  stream  having  its  source  in 
Mount  Rainier,  the  company  is  con- 
structing near  Sumner,  Wash.,  a  pow- 
er plant  having  a  capacity  of  50,000 
electrical  H.  P.,  of  which  10,000  H.  P. 
will  be  ready  for  distribution  within 
a  year. 

The  Snoqualmie  Falls  Power  Com- 
pany was    the    pioneer    long-distance 
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THE    CREST   OF    SNOQUALMIE   FALLS 


transmission  company  in  the   Pacific  The  White  River  Power  plant  will 

northwest,   having    a    developed   ca-  supply  current  to  the  same  sub-stations 

pacity  of  11,000  H.  P.,  which  has  been  as  the  Snoqualmie  plant  in  addition 

in  operation  three  years.  to  such  new  points  of  distribution  as 


THE     WHITE    RIVER    POWER    HOUSE    OF    THE    SNOQUALMIE    FALLS     X     WHITE     RIVER     POWER 
COMPANY   AS    IT   WILL   APPEAR   WHEN    COMPLETED 


may  be  determined  upon,  the  radius 
of  profitable  distribution  being  250 
miles  in  this  territory  already  abund- 
antly supplied  with  cheap  coal  and 
wood  fuels. 

The  power  generated  at  Snoqualmie 
Falls  has  been  distributed  through  the 
agency  of  the  Seattle  Cataract  Com- 
pany and  Tacoma  Cataract  Company. 
These  two  companies  owned  the  fran- 
chises and  the  right  to  sell  Snoqual- 
mie power  in  the  two  cities  respec- 
tively. They  owned  the  large  and 
handsome  sub-stations  at  these  points 
and  the  distribution  system  through- 
out the  cities,  and  they  marketed  the 
product  of  the  generating  plants. 

There  has  been  an  unprecedented 
demand  for  the  power  generated  by 
the  Snoqualmie  Falls  Power  Com- 
pany. Indeed,  this  company,  both 
from  the  view-point  of  the  electrical 
engineer  and  the  financier,  has  been 
an  unqualified  success.  The  com- 
pany's gross  earnings  have  been  at  the 
rate  of  $244,000  per  annum,  and  al- 
though its  prices  have  been  moderate, 
its  net  earnings  have  been  $120,000 
per  annum,  which  will  be  more  than 
doubled  after  the  White  River  plant  is 
completed.  Snoqualmie  is  turning 
the  wheels  of  the  many  factories  and 
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workshops  of  Seattle  and  Tacoma,  is 
running  the  trolley  cars  of  Seattle, 
which  carry  40,000,000  passengers  an- 
nually. This  power  enables  the  Puget 
Sound  Railway  Company,  commonly 
known  as  the  "Interurban,"  to  convey 
more  than  a  million  people  between 
Seattle  and  Tacoma  yearly. 

The  Seattle  and  Renton  Railway 
Company,  which  carries  1,140,000 
passengers  annually,  also  gets  its  cur- 
rent from  Snoqualmie  Falls.  This 
power  grinds  9000  bushels  of  wheat 
a  day  at  the  Continental  Mill,  and 
2200  bushels  at  the  Hammond  Mill, 
both  of  which  plants  are  located  in 
Seattle.  Snoqualmie  power  treats  650 
tons  of  ore  a  day  at  the  Tacoma  smelt- 
er, and  runs  dentists'  burrs  in  Seattle 
and  Tacoma.  The  current  lights  the 
Seattle  post  office,  the  armory  of  the 
National  Guard  at  Seattle,  the  Butler, 
the  Rainier  Grand,  the  Arlington, 
the  Maison  Barberis  and  many  of  the 
other  principal  hotels  and  restaurants 
of  Seattle.  It  furnishes  power  for  the 
Washington  Iron  Works  Company, 
the  largest  industry  of  this  kind  in  the 
Pacific  northwest.  It  turns  the  wheels 
of  the  Metropolitan  Press  of  Seattle, 
which  prints  most  of  the  papers  and 
periodicals  published  in  that  part  of 
the  country,  and  it  grinds  spices  and 
roasts  coffee  for  the  Crescent  Manu- 
facturing Company.  It  is  the  motive 
force  of  the  Washington  Shoe  Com- 
pany, which  sends  its  product  all 
through  the  Northwest  and  Alaska. 

Snoqualmie  power  runs  the  machin- 
ery of  the  Electric  Laundry,  and  it 
lights  the  First  National  Bank  of  Se- 
attle.  It  grinds  flour  and  feed  in  the 
City  Mill  operated  by  Lehman  Broth- 
ers in  Seattle,  and  in  the  Tacoma  Mill 
and  Fransiola  Mill  in  Tacoma.  It 
runs  the  hay  presses  of  the  Galbraith- 
Bacon  Company,  and  operates  its 
large  feed  mill.  It  operates  also  the 
smelting  works  and  the  machinery  of 
the  large  jewelry  factory  owned  by 
Jos.  Mayer  &  Bros.,  of  Seattle,  fur- 
nishes light  to  the  American  Steel  & 
Wire  Co'mpany,  all  of  the  Seattle 
tracks  of  the  Northern  Pacific  Rail- 
way Company  and  runs  the  motors  of 
its  machine  shops.  It  furnishes  light 
to  many  of  the  stores,  saloons  and 
offices  in  Seattle  and  Tacoma,  and  it 
operates  the  motors  of  the  countless 
small  industries  of  both  cities 

Current  is  supplied  also  to  Renton, 
Kent,  Polyallup,  Sumner,  Swansea, 
Issaquah  and  Auburn,  and  the  last 
two  mentioned  cities  also  obtain  their 
street  lighting  from  this  source.  Be- 
sides supplying  Tacoma  with  all  the 
power  and  light  for  its  factories, 
stores  and  residences,  the  Snoqualmie 
Company  has  a  contract  for  the  entire 
city  lighting. 

Snoqualmie  power  is  further  used 
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by  the  Great  Northern  Railway  Com- 
pany in  the  construction  of  the  im- 
portant tunnel  which  it  is  carrying 
under  the  heart  of  Seattle  in  order  to 
get  its  trains  off  the  main  water  front 
street  of  the  city.  Not  only  is  the 
company  obtaining  the  power  for  its 
extensive  construction  work  from  the 
Snoqualmie  &  White  River  Company, 
but  that  company  will,  in  addition, 
light  the  tunnel  both  during  the  cre- 
ative period  and  after  it  is  in  opera- 
tion. The  varied  and  multiple  uses  to 
which  the  Snoqualmie  power  is  now 
being  put  gives,  however,  only  a  hint 
as  to  the  demand  that  exists  for  elec- 
tric   current    in  the    rapidly  growing 


section  which  will  be  fed  by  the  White 
River  Power  Company. 

The  territory  covered  by  the  con- 
struction crews  of  the  White  River 
power  development  extends  from 
Buckley  (elevation  660  feet)  in  the 
foothills  of  the  Cascades,  to  Sumner 
(elevation  65  feet),  lying  in  the  level 
and  fertile  lower  valley  at  the  White 
River,  a  distance  of  10  miles.  The 
headworks  are  located  about  three- 
quarters  of  a  mile  above  the  North- 
ern Pacific  Railway  Company's  tres- 
tle over  the  White  River  at  Buckley. 
A  concrete  dam  is  being  built  across 
the  river  which  will  be  9  feet  high 
and  500  feet  long.    This  dam  will  be 
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provided  with  a  sluice  gate  and  auto- 
matic flash  boards,  which  will  elimi- 
nate injury  to  the  dam  from  floating- 
logs  during  the  periods  of  high  water. 
An  intake,  120  feet  wide,  located  on 
the  south  bank  of  the  river,  will  lead 
the  water  into  the  first  section  of  an 
open  canal.  This  canal,  50  feet  wide 
and  5  miles  long  from  the  intake  to 
the  storage  basin  at  Lake  Dorothy, 
follows  an  old  channel  of  the  White 
River,  and,  owing  to  this  provision  of 
nature  of  a  ready-made  canal  site,  it 
will  not  be  necessary  to  build  flumes 
at  any  point  of  the  entire  length  of  the 
construction  work.  By  the  use  of 
four  of  the  largest  steam  shovels  ob- 
tainable and  1500  men,  this  part  of  the 
work  will  be  pushed  to  a  speedy  con- 
clusion. 

The  company  is  fortunate  in  being 
enabled  by  the  natural  conditions  to 
develop  an  engineering  plant  entirely 
eliminating  all  fluming.  All  wooden 
flume  features  are  a  disastrous  attri- 
bute of  any  power  plant,  particularly 
where  there  is  not  an  extensive  stor- 
age system  as  a  guarantee  of  contin- 
uous service.  The  Bakersfield  plant 
in  California,  which  depended  upon  a 
2-mile  flume,  found  the  service  so  un- 
reliable, on  account  of  the  land  slides 
and  rock  slides  taking  out  the 
flume,  that  they  penetrated  a 
mountain  with  a  2-mile  tunnel 
through  solid  granite  in  order  to  aban- 
don the  flume  construction.  The 
longer  the  flume,  the  greater  the  lia- 
bility to  disorders.     The  company  is, 


therefore,  fortunate  in  reducing  this 
feature  to  a  feature  as  permanent  and 
as  free  from  maintenance  charges  as 
the  river  itself  would  be. 

The  White  River  plant  and  the  Sno- 
qualmie  plant  have  practically  the  same 
elevation  of  intake,  namely,  660  feet 
above  sea  level.  This  is  a  fortunate 
situation,  for  if  they  were  any  lower 
it  would  be  at  the  expense  of  head, 
and  any  increase  in  elevation  would 
proportionately  reduce  the  area  of 
watershed,  and  particularly  of  the 
rain-fed  portion  of  the  water-shed.  It 
must  be  remembered  that  the  Puget 
Sound  rivers  derive  their  winter  flow 
from  rains  and  springs,  and  their  sum- 
mer flow  from  snow  and  glaciers.  The 


higher  the  intake  elevation  therefore, 
the  less  the  rain  area  controlled,  and 
consequently  the  less  the  power  ca- 
pacity of  the  river  for  winter  service. 
Under  the  load  conditions  in  Seat- 
tle and  Tacoma,  the  power  require- 
ments are  35  per  cent  greater  in  win- 
ter than  in  summer,  and  it  is  fortunate 
therefore  that  the  flow  at  the  Sno- 
qualmie  and  White  River  intake  re- 
spond to  these  conditions.  An  intake 
located  in  the  upper  reaches  of  these 
rivers,  Puyallup  Creek  or  other 
streams  in  that  country,  at  2000  feet 
elevation  or  over,  would  be  able  to 
draw  but  little  water  in  winter,  and 
if  the  cold  should  be  especially  severe 
and  protracted,  as  sometimes  occurs. 
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according  to  the  testimony  of  old  set- 
tlers, such  an  intake  would  suffer  a 
complete  lack  of  water. 

Another  must  favorable  feature 
of  the  White  River  watershed  is  that 
the  snow  and  glacier  portion  of  it 
faces  the  north,  and  being  thus  shelt- 
ered from  the  hot  summer  sun,  it 
melts  more  gradually  and  later  in  the 
year,  thus  promoting  a  higher  low- 
water  stage  in  the  late  summer.  The 
Puyallup  and  Cowlitz  glaciers,  lying 
upon  the  southern  slope  of  the  moun- 
tain, disappear  much  earlier,  so  that 
these  rivers  suffer  a  more  marked  and 
protracted  summer  low-water  propor- 
tionately. 

The  first  1300  feet  of  the  canal  are 
being  excavated  along  a  side  hill,  and 


the  glaciers  of  Mount   Rainier  on  the 

rock,  and  its  characteristics  arc  such 
that  alter  it  becomes  caked  it  is  prac- 
tically as  impervious  to  water  as  rub- 
ber. By  the  use  of  this  substance  the 
seepage  of  the  canal  will  he  reduced 
to  a  minimum  at  the  outset,  and  it  is 
expected  that  within  two  or  three 
years  it  will  be  entirely  eliminated. 

The  elevation  of  the  intake  was  so 
established  that  it  made  it  possible  to 
lead  the  canal  into  four  lakes,  respec- 
tively. Hart  Lake,  of  8  acres ;  the  Mc- 
Henry  Lake,  of  68  acres;  the  Mc- 
Hugh,  of  11  acres,  and  the  Campbell 
Lake,  of  35  acres.  In  order  to  sup- 
plement the  work  of  nature  it  will  be 
necessary  only  to  build  several  low 
embankments,  the  material  for  which 


come  by  guiding'  the  water  down  over 
successive  shutes  to  the  storage  basin. 
Nad  the  intake  been  placed  so  as  to 
avoid  the  use  of  these  shutes,  the  ca- 
nal would  have  had  therefore  to  be 
built  along  the  steep  side  hills  of  the 
White  River  canon,  thereby  entailing 
the  construction  of  several  miles  of 
Hume,  a  structure  that  would  have 
been  enormously  expensive  in  first 
cost  and  maintenance,  and  in  no  sense 
of  the  word  permanent  or  reliable. 

White  River,  while  glacial  in  its 
origin,  is  also  largely  fed  by  rain  and 
melting  snow.  During  the  winter  the 
flow  of  water  is  the  largest,  for  it  is 
rarely  cold  in  that  part  of  the  country 
for  any  length  of  time,  and  the  warm 
Chinook   winds   cause  the  snow   fall- 


will  be  lined  with  rubble  stones.  At 
the  bottom,  this  part  of  the  canal  is 
25  feet  wide  with  slopes  of  -^  to  1,  and 
the  water  will  have  a  depth  of  10  feet. 
From  this  point  the  canal,  lined  with 
concrete,  crosses  the  country  road, 
which  will  be  bridged,  and  tunnels  the 
embankment  of  the  Northern  Pacific 
Railway.  Then  the  canal  passes  on  to 
a  series  of  alternately  narrow  and 
broad  benches,  which  at  some  remote 
period  formed  the  bed  of  the  White 
River  itself.  These  benches  are  open 
on  the  north — the  river  side — and 
sloping  toward  the  south  they  are 
surrounded  on  three  sides  by  a  higher 
bench  forming  the  flat  part  of  the 
main  land  or  plateau. 

The  geological  formation  of  the 
country  through  which  the  canal 
passes  is  cement  and  boulder  gravel. 
On  this  foundation  will  be  deposited, 
by  the  natural  action  of  the  water,  the 
white  sediment  from  which  the  river 
gets  its  name.  This  sediment  is  a 
glacial  silt,  formed  by  the  scraping  of 


wdll  be  furnished  by  the  earth  taken 
from  short  cuts  between  the  respec- 
tive lakes.  Like  the  canal,  these  lakes 
will  be  rendered  water  tight  by  the  de- 
posits of  glacial  silt.  In  them  the 
white  sediment  will  be  made  to  settle 
in  order  that  none  of  it  shall  be  car- 
ried into  the  storage  basin  at  Lake 
Dorothy. 

After  leaving  the  settling  basins, 
the  w7ater  is  carried  from  the  interme- 
diate bench  through  a  cut  to  the  high 
bench,  and  from  that  point  traverses 
the  main  flat  country  in  a  westerlv 
direction  for  3!  miles  until  it  reaches 
the  Lake  Dorothy  storage  basin. 
This  section  of  the  canal  is  100  feet 
wide  on  the  surface  and  50  feet  wide 
at  the  bottom,  with  slopes  of  2  to  1, 
and  the  depth  of  the  water  will  be  11 
feet.  To  utilize  the  settling  basins, 
previously  mentioned,  the  location  of 
the  intake  was  so  determined  that  the 
canal  emerges  at  an  elevation  of  100 
feet  higher  than  the  storage  basin. 
This  difference  in  level  will  be  over- 


ing  on  Mount  Rainier  and  the  Cas- 
cades to  melt  rapidly.  The  floods 
vary  with  the  precipitation  of  snow 
and  rain,  but  the  highest  flood  record- 
ed is  60,000  cubic  feet  per  second. 
Only  in  one  month  of  the  year  is  the 
flow  less  than  2000  cubic  feet,  the 
quantity  required  for  the  operations 
of  the  company  on  a  basis  of  120,000 
theoretical  H.  P.  In  October  the 
flow  drops  as  low-  as  600  cubic  feet  per 
second,  and  all  of  this  will  be  taken 
with  the  exception  of  30  cubic  feet, 
which  the  Federal  law  requires  be  left 
in  the  river  to  keep  the  fish  alive  and 
for  domestic  use.  During  the  other 
months  of  the  year  the  control  gates 
of  the  intake  will  admit  only  the  2000 
cubic  feet  needed  to  run  the  com- 
pany's water  wheels. 

Through  the  magnitude  of  the  Lake 
Dorothy  storage  basins,  however,  the 
company  will  always  have  in  reserve 
a  vast  volume  of  water  for  the  use  of 
its  generating  station,  which  will  be 
constructed  in  the  White  River  valley 
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near  Sumner,  below  the  storage 
basins.  This  basin  is  the  most  import- 
ant feature  of  the  whole  plan  of  the 
White  River  Power  Company,  as  it  is 
the  largest  storage  basin  controlled  by 
any  power  company  in  the  United 
States,  and  is  exceeded  in  capacity 
only  by  the  Great  Lakes  which  feed 
Niagara  Falls. 

Another  great  advantage  of  this 
basin,  is  that  it  is  situated  directly 
over  the  station  in  which  the  water 
will  be  used  for  generating  power.  Its 
location,  unlike  that  of  some  storage 
basin  remote  from  the  power  plant, 
removes  the  supply  of  water  from  all 
uncertainties.  By  the  time  that  the 
water  has  reached  the  storage  basin 
all  danger  from  logs  and  log  jams, 
from  breaks  in  the  jam  or  in 
the  canal  or  other  causes  is  en- 
tirely avoided. 

Until  the  White  River  Power  Com- 
pany secured  the  ownership  of  the  ter- 
ritory surrounding  the  largest  lake, 
which  will  be  used  for  a  storage  basin, 
this  was  known  as  Lake  Tapps,  its 
present  area  being  620  acres.  In  close 
proximity  are  three  other  lakes,  re- 
spectively Kirtley  Lake,  of  80  acres, 


Church  Lake,  of  40  acres,  and  Craw- 
ford Lake  of  20  acres.  Like  that  of 
the  canal  right  of  way  and  the  settling 
basins,  the  natural  contour  of  the 
country  around  the  storage  basin 
leads  one  to  believe  that  nature  in- 
tended these  lakes  for  the  purpose 
that  the  company  is  now  proposing 
they  be  utilized.  The  present  ele- 
vation of  Lake  Tapps  is  515  feet 
above  the  sea  level ;  that  of  Church 
Lake  is  530  feet,  and  that  of  Kirtley 
Lake  is  526  feet ;  but  work  is  now  pro- 
gressing on  a  series  of  embankments, 
making  it  possible  to  raise  the  level 
of  Lake  Tapps  35  feet,  thus  securing 
a  water  area  of  4000  acres  which  is 
about  seven  times  larger  than  the 
present  area.  The  storage  capacity 
of  the  Lake  Dorothy  basin,  roughly 
computed,  will  be  5,227,200,000  cubic 
feet,  as  the  average  draw-down  of 
water  in  the  basin  will  be  30  feet,  and 
this  means  50,000  H.  P.  for  two 
months. 

The  land  controlled  by  the  com- 
pany, extending  from  Buckley  to 
Sumner,  comprises  an  area  of  6500 
acres.  Of  this  total  area  4000  acres 
are  used  for  the  storage  basin,    120 


acres  are  required  for  the  canal  and 
the  three  settling  basins;  the  head- 
works  cover  an  area  of  10  acres,  and 
the  generating  station  and  other 
buildings  in  connection  with  the 
power  plant  require  10  acres.  A  total 
of  4140  acres  will,  therefore,  be  used 
in  the  actual  operations  of  the  power 
company.  The  balance  of  2360  acres 
is  controlled  by  the  Lake  Dorothy 
Improvement  Company,  a  corpora- 
tion organized  under  the  laws  of  the 
State  of  Washington,  and  will  be  de- 
veloped as  a  pleasure  resort  by  that 
company. 

The  power  company  has  a  valuable 
asset  in  the  vast  quantity  of  timber 
standing  on  the  lands  that  it  has  ac- 
quired. It  has  been  estimated  that  the 
company  owns  200,000,000  feet  of 
timber,  50,000,000  feet  of  which  is 
classed  among  the  best  cedar  standing 
in  the  State;  and  there  are  over  100,- 
000,000  feet  of  fir  in  prime  condition. 
The  canal  right  of  way  and  basins 
have  been  so  commonly  submerged 
by  the  high  waters  of  the  White  River 
that  forest  fires  have  done  very  little 
damage  to  the  timber.  Therefore 
taken  as  a  whole,  it  is  in  a  better  state 
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of  preservation  than  that  in  most  of 
the  sections  of  the  State. 

To  utilize  this  "by-product,"  the 
power  company  will  erect  a  saw-mill 
in  the  White  River  Valley,  near  the 
Northern  Pacific  Railway,  which  will 
have  a  daily  capacity  of  100,000  feet. 
It  is  expected  that  this  saw-mill  will 
be  ready  for  use  about  the  time  that 
the  power  plant  is  in  actual  operation. 
The  output  of  the  sawmill  will  be  dis- 
posed of  in  the  open  market  and  will 
largely  enhance  the  company's  rev- 
enues. 

As  a  result  of  the  submersion  of  the 
ranches  contiguous  to  the  storage 
basin,  which  will  be  done  as  soon  as 
the  embankments  surrounding  the 
lakes  are  completed,  the  whole  con- 
tour of  the  country  will  be  very  much 
changed.  What  are  now  little  hills 
will  then  be  islands,  and  the  valleys 
between  them  will  be  covered  with 
water.  These  islands  and  the  shores 
of  the  lake,  an  area  comprised  of  2360 
acres,  are  controlled  by  the  Lake 
Dorothy  Improvement  Company  for 
improvement  purposes,  and  this  com- 
pany has  before  it  an  unparalleled  op- 
portunity of  building  up  one  of  the 
most  famous  summer  resorts  of  the 
country. 

Nature  has  surrounded  the  field  of 
its  operations  with  scenery  of  marvel- 
ous beauty.  The  country,  lying  as  it 
does  in  the  foot  hills  of  the  mountains, 
is  varied  in  character,  commanding  a 
wide  view  of  the  Cascade  Range  and 
of  the  fertile  White  River  Valley  as 
well.  The  waters  of  Lake  Dorothy 
will  be  studded  with  twenty-two 
islands  of  various  sizes,  but  all  of 
them  large  enough  to  be  susceptible 
of  improvement  for  summer  residences 
and  pleasure  resorts.  Lake  Tapps 
now  has,  for  a  small  lake,  a  widely  di- 
versified aspect,  owing  to  the  fact  that 
it  has  many  coves  and  several  long 
arms,  which  afford  abundant  opportu- 
nity for  exploration  by  the  adventur- 
ous, whether  he  be  in  a  launch  or  in 
a  canoe.  This  feature  of  the  lake  will 
of  course  be  greatly  intensified  when 
the  waters  of  the  storage  basins  are 
raised  35  feet,  bringing  about  a  seven- 
fold increase  in  its  area. 

From  no  place  in  the  wonderfully 
beautiful  Puget  Sound  country  does 
one  get  a  view  of  Mount  Rainier,  the 
loftiest  peak  in  the  United  States, 
that  equals  in  impressive  grandeur 
the  outlook  which  will  be  indelibly 
associated  with  Lake  Dorothy  in  the 
minds  of  those  who  shall  be  fortunate 
enough  to  go  there.  Nature  has 
there  made  a  composition  that  the 
brush  of  the  world's  most  famous  art- 
ist could  only  imperfectly  reveal. 
With  the  water  of  the  lake  as  a  most 
enhancing  foreground,  Mount  Rai- 
nier,   awe-inspiring,    with    its    great 


mass  of  glaciers  glistening  in  the 
morning  sun,  or  reflecting  the  glori- 
ous colors  of  the  sunset,  is  artistically 
framed  by  the  hills  surrounding  the 
lake,  wooded  with  Washington's 
"evergreen." 

Owing  to  the  fact  that  Lake  Doro- 
thy is  only  io  miles  from  Tacoma  and 
24  miles  from  Seattle,  the  principal 
cities  of  Puget  Sound,  it  will  easily  be 
possible  to  make  it  a  great  summer 
resort.  Since  the  Snoqualmie  Falls 
Power  Company  parked  its  property 
at  the  falls,  it  has  been  one  of  the  mag- 
nets of  attraction  both  to  tne  local 
sight-seers  and  to  the  tourists  who 
pass  through  Seattle.  The  register 
of  the  company  contains  the  names  of 
man}-  of  the  world's  best  known  men 
and  women  who  have  been  held  spell- 
bound by  the  beautv  of  the  falls,  and 


of  brick,  stone  and  iron.  In  this  build- 
ing will  be  located,  on  the  first  floor, 
the  office,  a  carpenter  shop,  a  machine- 
shop  and  a  blacksmith  shop.  Rail- 
road tracks  run  through  the  center 
of  the  station  to  facilitate  the  handling 
of  the  machinery.  These  will  have  a 
spur  connection  with  the  main  line  of 
the  Northern  Pacific  Railway  Com- 
pany. A  traveling  crane  of  50  tons 
capacity  will  be  installed. 

Leading  from  the  Lake  Dorothy 
storage  basin  provision  will  be  made 
for  ten  48-inch  pipes,  which  will  carry 
water  to  ten  water  wheels  operating 
ten  generators  of  5000  H.  P.  capacity- 
each.  All  of  the  electrical  equipment 
of  the  plant  will  be  of  the  Westing- 
house  type.  The  water  flowing 
through  the  penstock  will  have  a  net 
fall  of  485  feet.     Each  bank  of  three 
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who  have  marvelled  at  the  work  of 
man  in  utilizing  that  great  power 
without  in  any  way  destroying  its 
aesthetic  quality.  During  the  summer, 
excursions  are  taken  there  at  least 
once  every  week,  and  special  trains 
have  been  run  to  accommodate  dele- 
gates to  conventions  and  the  like.  It 
is  estimated  that  50,000  people  have 
visited  the  falls  since  the  company  se- 
cured the  property  which  it  controls. 
At  Lake  Dorothy  it  will  be  particular- 
ly easy  to  handle  large  crowds,  as  the 
main  line  of  the  Puget  Sound  Elec- 
tric Railway  now  runs  within  2  miles 
of  the  company's  camp,  making  it 
necessary  to  construct  only  a  short 
spur  to  reach  the  lake. 

The  generating  station  near  Sum- 
ner, in  the  White  River  Valley,  will 
be  housed  in  a  two-story  building, 
of  which  the  main  dimensions  are  219 
x  1 16  feet.    This  structure  will  be  built 


transformers  will  be  housed  in  a  fire- 
proof compartment.  On  the  second 
floor  of  the  station  will  be  located  the 
operating  galleries  and  the  switch- 
board. 

The  generators  and  transformers 
are  practically  connected  together 
and  arranged  for  operating  each  set 
of  transformers  on  their  own  gener- 
ators, alternate  paths  being  obtainable 
for  operating  a  set  of  transformers 
on  any  generator  for  emergency 
cases.  Under  ordinary  operating 
conditions  the  generators  will  be  in 
parallel  only  by  way  of  the  high-ten- 
sion connections  and  transformers. 
The  transformers  are  connected  to  the 
lines  in  the  usual  way.  Double-break 
oil  switches  will  be  used  and  will  be 
operated  by  the  electro-pneumatic 
control. 

The  generators  will  be  equipped 
with     low-tension    watt    meters    and 
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high  tension  ammeters.  Integrating 
watt  meters  will  be  placed  on  each  ma- 
chine to  record  the  total 'output. 

Lightning  arresters  will  be  con- 
nected to  the  line  through  switches 
controlled  by  electro-pneumatic  cyl- 
inders from  the  switchboard,  am- 
meters being  placed  in  the  lightning 
arrester  leads  to  show  when  current  is 
flowing  through  them.  In  the  event 
of  current  passing  through  the  ar- 
resters, they  will  be  opened  by  the  oil 
switch  and  immediately  closed,  which 
will  usually  have  the  effect  of  discon- 
tinuing any  possible  arcing  and  will 
avoid  frequent  shut  downs  which  oc- 
cur by  the  short-circuiting  of  light- 
ning arresters. 

A  very  sensitive  center  zero  reading 
voltmeter,  with  adjustable  resistance 
in  its  circuit,  will  be  used  for  watching 
and  holding  the  voltage  of  the  plant 
constant. 

The  face  of  the  board  will  carry 
upon  it  between  the  instruments,  a 
diagram  of  the  connections,  the  volt- 
meter being  used  to  represent  the 
generator,  the  current  passing  from 
there  through  the  low-tension  watt 
meter,  through  the  transformers  in 
the  high-tension  ammeters  to  the  re- 


spective bus-bars  and  lines.  Breaks 
are  made  in  the  red  line  diagram, 
which  is  thus  painted  upon  the  instru- 
ment board,  and  these  are  backed  by 
red  incandescent  lamps,  the  lighting 
of  which  will  make  the  appearance  of 
a  continuous  line  through  the  other- 
wise open  break  in  the  line  or  bus- 
bars. The  usual  duplicate  system  of 
exciters  will  be  used  with  switches 
for  throwing  the  fields  on  either  or 
both  of  the  exciters. 

For  the  use  of  the  officers  and  em- 
ployees of  the  company  a  two-story 
building,  known  as  the  men's  barracks, 
will  be  erected  near  the  power  house, 
the  main  dimensions  of  which  will  be 
68  feet  x  45  feet.  The  first  floor  of  the 
building  will  contain  a  library,  a  din- 
ing room  for  the  men  and  another 
for  the  guests  of  the  company,  a 
kitchen,  a  photographic  dark  room 
and  a  chemical  room.  On  the  second 
floor  there  will  be  rooms  for  the  presi- 
dent, the  superintendent  and  the 
housekeeper  and  seven  bed  chambers, 
besides  the  usual  conveniences  by  way. 
of  baths  and  toilets.  There  will  be 
also  a  large  attic  available  for  sleeping 
purposes  in  case  of  emergency. 

The  White  River  generating  plant 


will  deliver  its  power  into  the  same 
transmission  system  which  is  supplied 
by  the  Snoqualmie  Falls  generating 
plant.  This  is  a  most  elaborate  and 
substantially  constructed  system, 
there  being  two  independent  pole  lines 
and  two  circuits  from  each  generating 
station  to  the  two  terminals.  The 
transmission  is  on  seven-strand  alu- 
minium cables  supported  on  imperial 
porcelain  insulators  and  the  spacing 
of  the  wires  in  each  circuit  is  9  feet  in 
the  triangle  between  centers.  The 
aluminium  conductors  have  given 
marked  satisfaction  and  the  reliability 
of  the  service  has  proved  itself  un- 
excelled by  any  other  plant  in  the 
country. 

The  transmission  is  soon  to  be  ex- 
tended south  in  the  direction  of 
Portland,  and  north  in  the  direction 
of  Bellingham. 

The  Snoqualmie  Falls  &  White 
River  Power  Company  has  something 
like  two  and  a  half  millions  of  dollars 
invested  in  its  various  enterprises  and 
the  completion  of  the  plans  as  they 
will  progress  from  time  to  time,  with 
the  development  of  the  country,  will 
aggregate  an  ultimate  investment  ex- 
ceeding eight  million  dollars. 


Some  Eviropean  Three-Phase  Electric  Locomotives 


By     FR.ANK     C.     PERKINS 


THREE-PHASE  electric  rail- 
ways have  been  extensively 
exploited  in  Europe  during 
the  past  decade,  and  some  of  the  most 
interesting  and  successful  alternating- 
current  railway  work  has  been  done 
in  Switzerland,  Germany,  Austria- 
Hungary  and  Italy. 

On  account  of  the  recent  attainment 
of  very  high  speed  with  polyphase 
motors  on  the  newly  constructed 
tracks  of  the  Berlin-Zossen  line,  it 
may  be  of  interest  to  consider  some  of 
the  three-phase  electric  locomotives 
now  in  use  abroad.  The  fact  that  the 
German  engineers  have  been  able  to 
travel  at  the  rate  of  over  125  miles 
per  hour  on  their  experimental  line, 
with  good  prospects  of  reaching  140 
miles  per  hour  and  ultimately  much 
higher  speeds,  points  clearly  to  a  time, 
at  no  distant  date,  when  electric  power 
will  be  applied  to  long-distance  and 
high-speed  trunk  lines. 

Fig.  1,  of  the  accompanying  illus- 
trations, shows  one  of  the  first  alternat- 
ing-current locomotives  constructed 
in  Austria-Hungary,  at  Budapesth,  by 
Messrs.  Ganz  &  Co.,  who  have  within 
recent  years  equipped  an  Italian  20,- 
ooo-volt  electric  road  with  polyphase 
locomotives  and  high-speed  motor 
cars.  The  Burgdorf-Thun  three- 
phase  locomotive,  shown  in  Fig.  2, 
was  constructed  by  Messrs.  Brown, 
Boveri  &  Co.,  of  Baden,  Switzerland, 
who  also  built  the  Engelberg  electric 
locomotive  shown  in  Fig.  3,  in  con- 
nection with  the  Swiss  Locomotive 
and  Machine  Works,  of  Winterthur. 

The  Burgdorf-Thun  railway  is  a 
three-phase,  mountain  road  in  Switz- 
erland, of  standard  gauge  and  25 
miles'  length.  The  working  trolley 
lines  on  this  railway  consist  of  two 
copper  conductors  0.32  in.  in  diameter 
and  supplied  with  current  at  750  volts 
from  sub-stations  located  at  intervals 
of  two  miles  along  the  line.  The 
track  is  used  as  one  conductor  and  is 
connected  with  one  terminal  at  the 
transformer  sub-stations,  where  the 
current  is  lowered  from  16,000  volts, 
at  which  pressure  it  is  conducted  over 
the  transmission  line  from  the  power 
house  on  the  Kander. 

Each  of  the  two  locomotives  and  six 
motor  cars  are  provided  with  two 
pairs  of  overhead  sliding  contacts  for 
conveying  the  current  to  the  motors. 

4-4 


The  freight  locomotive  has  a  capacity 
of  300  horse  power  and  is  capable  of 
hauling  a  train  of  50  tons  at  full  speed 
up  the  steepest  grade  of  I  in  40.  The 
locomotive  weighs  60,000  lbs.,  and 
by  reducing  the  speed  by  gearing  to 
half  the  normal  rate,  which  is  245 
miles  per  hour,  a  freight  train  of  70 
tons  can  be  hauled  up  the  steepest 
grade,  making  a  total  train  load  of 
200,000  lbs.  with  the  locomotive.  The 
passenger  locomotives  and  motor  cars 
are  each  equipped  with  four  60  horse 
power,  polyphase  motors,  and  the 
trains  make  about  twenty  trips  per  day 
between  Thun  and  Burgdorf.  The 
motors  are  of  the  8-pole  type,  operat- 
ing with  a  frequency  of  40  cycles  per 


is  600  revolutions  per  minute,  which 
would  give  a  car  speed  of  24  miles  an 
hour.  At  the  power  house  at  Kander 
there  are  four  turbines  directly 
coupled  to  three-phase  alternators, 
each  of  1,200  horse  power  capacity. 
These  generate  current  of  4,000  volts, 
which  is  stepped-up  to  16,000  volts 
and  conducted  over  the  transmission 
line  to  the  sub-stations  already  men- 
tioned. 

The  Stansstadt  -  Engelberg  poly- 
phase road  is  14  miles  long  and  is 
equipped  with  three-phase  locomotives 
as  well  as  motor  cars.  The  grades  on 
this  Swiss  mountain  road  are  very 
steep,  and  for  adhesion  a  rack  is  pro- 
vided.    The    locomotives    are    of    the 


FIG.    I. — A  POLYPHASE  LOCOMOTIVE  BUILT  BY   MESSRS.   GANZ    &  CO.,  BUDA-PESTH 


second.  The  total  weight  of  these 
motor  cars,  which  are  50  feet  long  and 
6^  feet  wide,  is  64,000  lbs.  They 
have  a  seating  capacity  of  about 
seventy  persons,  although  the  trailers 
carry  only  about  one-third  as  many 
and  weigh  about  12  tons  each.  The 
four  motors  are  connected  in  parallel 
and  are  operated  by  a  controller  at 
each  end  of  the  car.     The  motor  speed 


type  shown  in  Fig.  3.  They  are 
equipped  with  two  motors  each, 
operated  from  750-volt  overhead  con- 
ductors. Each  motor  is  of  75  horse 
power,  making  the  total  capacity  of 
each  locomotive  150  horse  power.  The 
current  for  operating  this  line  is  gen- 
erated by  water  power  with  turbines 
and  direct-connected  three-phase  al- 
ternators. 
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FIG.    2. — ONE    OF    THE    POLYPHASE    LOCOMOTIVES    ON    THE    BURGDORF-THUN  RAILWAY,   BUILT  BY   MESSRS.   BROWN,  BOVERI   &  CO., 

BADEN,    SWITZERLAND 


Another  Swiss  mountain  railway 
using  polyphase  locomotives  is  the 
Jungfraubahn,  which  is  equipped  with 
locomotives  of  the  type  shown  in  Figs. 
4  and  5,  having  a  capacity  of  400  horse 
power  each,  and  also  a  number  of 
smaller  locomotives  of  300  horse  power 


each.  The  former  were  constructed  at 
Oerlikon,  near  Zurich,  Switzerland, 
by  the  Maschinenfabrik  Oerlikon. 
Each  of  the  smaller  locomotives  is 
provided  with  two  motors  of  150  horse 
power  each,  having  a  normal  speed  of 
760  revolutions  per  minute,  and  these 


FIG.     3. — THE     ENGELBERG     ELECTRIC     RAILWAY     LOCOMOTIVE,     BUILT     BY     THE      SWISS 
LOCOMOTIVE    &    MACHINE   WORKS,    WINTERTHUR 


are  of  the  Brown-Boveri  type,  con- 
structed at  Baden.  The  Oerlikon 
three-phase  locomotives  are  equipped 
with  two  motors  of  200  horse  power 
each,  with  a  normal  speed  of  500  revo- 
lutions per  minute.  The  driving  axles 
are  provided  with  rack  pinions  of 
aluminium  bronze  and  with  brake 
wheels  and  blocks.  The  snaing  con- 
tacts noted  on  the  trolley  poles  take 
the  place  of  trolley  wheels.  The 
maximum  gradient  is  25  per  cent,  and 
a  speed  of  nine  to  ten  miles  per  hour 
is  easily  attained  on  this  steep  grade. 
There  are  seven  miles  of  tunnels  on 
this  line,  and  about  a  dozen  sub- 
stations are  located  at  various  heights 
from  6,500  to  13,000  feet  above  the 
sea  level.  Previous  to  the  use  of  this 
mountain  line  the  summit  could  be 
reached  only  in  two  days  and  two 
nights,  while  now  it  can  be  accom- 
plished in  a  few  hours. 

At  the  several  sub-stations  the  cur- 
rent is  reduced  from  7,000  volts  to 
550  volts  by  200  kilowatt  transform- 
ers. The  high-tension  current  is  con- 
ducted on  an  overhead  line  20  miles 
long  from  the  2,000  horse  power, 
hydro-electric  station  at  Lantrrbrun- 
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nen.  The  Oerlikon  three-phase  alter- 
nators at  this  plant  are  driven  by 
direct-connected  turbines  at  a  speed 
of  380  revolutions  per  minute  and 
generate  the  current  at  the  full  7,000 
volts,  the  frequency  being  38  periods 
per  second. 

Fig.  6  shows  the  interior  of  a  poly- 
phase motor  car  on  the  Valtellina  Rail- 
way, in  Italy,  as  installed  by  Messrs. 
Ganz  &  Co.,  of  Budapesth.  This 
three-phase  line  is  72  miles  long, 
and  the  electric  locomotives  are  ope- 
rated at  a  speed  of  from  18  to  36 
miles  per  hour.  The  freight  trains  of 
200  tons  are  handled  by  electric  loco- 
motives, while  the  passenger  service 
is  performed  by  trains  consisting  of 
motor  cars  and  trailers.  The  locomo- 
tives each  have  a  capacity  of  600 
horse  power,  and  haul  trains  with  ease 
up  grades  of  10  and  even  20  per  cent, 
and  around  curves  of  1,000  feet  radius. 
The  locomotives  are  equipped  with 
air  brakes  and  air  compressors  driven 
by  100-volt  5-horse  power  three-phase 
motors.  The  current  is  taken  from 
the  3,000-volt  trolley  wires  by  rollers 
having  ends  of  truncated  cone  shape, 
the  cylindrical  part  being  about  18 
inches  long.  Current  is  supplied 
from  about  a  dozen  sub-stations,  at 
which  the  transmission  line  current  is 
steppecl-down  from  20,000  volts  to 
3,000  volts,  as  mentioned  above.  The 
high-potential  transmission  line  is  10 
miles  long,  extending  from  Colico  to 
the  power  station  at  Morbegno,  and 
continues  along  the  railway  connect- 
ing with  the  various  sub-stations. 

The  rollers  which  take  the  current 
from  the  trolley  wires  are  made  of 
aluminium  and  are  3  inches  in  diame- 
ter. 

At  the  power  station  at  Morbegno 
there  are  four  turbines,  each  of  3,000 
horse  power,  and  to  each  of  these  is 
directly  connected  a  polyphase  alter- 
nator having  a  normal  output  of  1,050 
kilowatts  and  a  maximum  capacity  of 
1,500  kilowatts.  These  generators 
were  constructed  by  the  Elektricitats 
Actien-Gesellschaft,  formerly  Schuck- 
ert  &  Co.,  of  Niirnberg,  Germany,  and 
generate  current  of  20,000  volts,  mak- 
ing it  unnecessary  to  employ  step-up 
transformers  for  raising  the  pressure 
for  the  long-distance  transmission 
line.  These  20,000-volt  alternators 
are  equipped  with  safety  devices  or 
governors  which  introduce  high  re- 
sistance into  the  field  circuit  if  the  tur- 
bine governors  should  fail  to  work, 
and  the  speed  is  increased  to  170  revo- 
lutions, the  normal  speed  being  150 
revolutions  per  minute.  The  ma- 
chines are,  however,  capable  of  stand- 
ing an  increase  of  voltage  of  50  per 
cent,  which  would  give  30,000  volts 
in  the  armature  windings. 

The    Siemens   &   Halske   polyphase 


locomotive  and  motor  cars  in  opera- 
tion on  the  Marienfeld-Zossen  line  in 
Germany  have  been  most  successful 
in  working  with  pressures  of  from  10,- 
000  to  14,000  volts  directly  in  the  over- 


The  latest  achievement  of  Herr 
Walter  Reichel,  chief  engineer  of  the 
Siemens  &  Halske  Actien-Gesell- 
schaft, of  Berlin,  on  this  high-speed 
test  was  due  largely  to  the  fine  road- 


FIG.     4. THE    JUNGFRAU     RAILWAY     LOCOMOTIVE,     BUILT    BY    THE    OERLIKON     MACHINE 

WORKS,    ZURICH,    SWITZERLAND 


FIG.     5.- — THE     JUNGFRAU     LOCOMOTIVE,     WITH     CAB    REMOVED 


head  trolley  lines.  The  noteworthy 
accomplishment  of  making  a  speed  of 
125  miles  per  hour  on  the  Berlin-Zos- 
sen  line  was  also  a  successful  demon- 
stration that  high  potentials  may  be 
used  on  the  working  conductors  of 
long-distance  electric  railways  of  the 
three-phase   system. 


bed  which  was  constructed  for  these 
experiments.  Several  motor  cars 
and  locomotives  have  been  built  by 
this  firm  and  by  the  Allgemeine  Elek- 
tricitats Gesellschaft  for  demonstra- 
ting the  feasibility  of  high-speed  poly- 
phase electric  traction. 

The  first  motor  car  constructed  bv 
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FIG.    6. — THE   INTERIOR  OF  ONE  OF   THE   MOTOR   CARS    ON    THE  VALTELLINA   RAILWAY 


Messrs.  Siemens  &  Halske  was  sup- 
plied with  step-down  transformers 
upon  the  car  which  reduced  the  pres- 
sure of  the  line  from  10,000  volts  to  a 
lower  tension  for  use  in  the  motors. 
In  the  locomotive  construction  single- 
reduction  electric  motors  are  mounted 
on  the  trucks,  and  the  current  at  IO,- 
ooo  is  used  directly  in  the  primary  of 
the  motors,  no  transformers  being 
used  on  the  locomotive. 

The  first  car  weighed  about  192,000 
lbs.,  and  by  the  omission  of  the  step- 
down  transformers  and  other  changes 
the  locomotive  weighs  only  about  150,- 
000  lbs.  The  original  car  demon- 
strated the  possibility  of  taking  the 
alternating  current  at  high  potential 
from  the  line  by  collectors  at  high 
speed,  and  the  three-phase  alternating- 
current  motor  was  shown  to  be  well 
adapted  for  high-speed  railway  work, 
under  severe  continuous  running. 

In  the  first  trials  of  the  Berlin-Zos- 
sen  line  there  was  in  operation,  be- 
sides the  experimental  car  of  Siemens 
&  Halske,  another  motor  car  equip- 
ment, constructed  by  the  Allgemeine 
Elektricitats-Gesellschaft,  and  this  car 
also  made  some  very  high  speed  rec- 
ords. The  capacity  of  the  first  car 
was  about  1 ,000  horse  power ;  on  ac- 
count of  the  reduced  weight  of  the  new 
locomotive,  it  is  equipped  with  motors 
of  only  920  horse  power. 

Although  the  locomotive  was  de- 
signed for  four  motors,  two  on  each 
truck,  only  two  motors  have  been 
used,  one  on  each  bogie.  In  a  test  at 
11,000  volts  pressure  and  a  frequency 


of  //Jy  cycles  per  second,  and  draw- 
ing a  trailer  car  of  about  62,000  lbs. 
weight,  a  speed  of  62  miles  per  hour 
and  over  was  attained,  with  an  output 
of  280  horse  power.  The  motors  are 
controlled  by  resistances  in  series  with 
the  secondary  windings.  These  have 
more  than  a  score  of  steps,  Krupp 
resistance  wire  being  used,  mounted 
on  an  iron  frame  and  insulated  with 
porcelain.  The  high-tension  10,000- 
volt  circuits  are  connected  to  the  pri- 
mary windings  of  the  motors  through 
switches    manipulated    by    pneumatic 


devices,  all  of  the  high-tension  fuses, 
and  contacts  being  placed  behind  a 
glass  partition,  but  visible  for  inspec- 
tion by  the  engineer.  A  step-down 
transformer  of  small  size,  located  on 
the  locomotive,  supplies  a  current  of 
100  volts  to  an  air  pump  three-phase 
motor,  which  furnishes  the  com- 
pressed air  for  controlling  the 
switches. 

The  locomotive  wheels  are  4  feet  in 
diameter.  The  motors  operate  at  a 
speed  of  885  revolutions  per  minute, 
so  that  if  they  were  directly  connected 
to  the  axle  of  the  locomotive,  as  was 
the  case  with  the  first  experimental 
car,  the  speed  would  be  124  miles  per 
hour. 

It  was  thought  best,  during  the  first 
experiments,  to  utilize  single-reduc- 
tion gearing,  with  the  ratio  of  2  to  1, 
making  the  normal  speed  of  the  car 
62  miles  per  hour.  The  motor  arma- 
ture is  geared  at  both  ends  to  the  car 
axle.  On  account  of  the  high  peri- 
pheral speed  of  the  gear  teeth,  a  special 
oiling  system  was  devised,  using  com- 
pressed air,  as  it  was  found  that  it  was 
not  sufficient  to  simply  fill  the  gear- 
box with  the  oil  and  allow  the  gears 
to  run  in  it.  The  pump  drives  the  oil 
out  of  the  reservoir  to  a  distributing 
cock  which  forces  it  between  the  gears 
on  one  side  or  the  other,  according  to 
the  direction  of  the  car,  and  after  pass- 
ing through  the  nozzles  and  lubricat- 
ing the  gear  teeth,  it  is  pumped  back 
to  the  reservoir  from  the  gear  case.  If 
the  speed  of  the  teeth  were  lower,  this 
system  of  oiling  would  not  be  re- 
quired, as  with  a  ratio  of  3  1/3  to  1  or 
4  to  1,  instead  of  2  to  1,  simply  run- 
ning the  gears  in  an  oil  bath  would 
provide  ample  lubrication. 

The    three    high-tension    wires    or 


FIG.    7. — ONE    OF   THE   THREE-PHASE    4OO    H 
LOCOMOTIVE,    USED    ON 
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FIG.    8. — THE    SIEMENS    &    HALSKE    HIGH-SPEED    ELECTRIC    THREE-PHASE    LOCOMOTIVE    USED   IN    THE   FAMOUS    ZOSSEN   TRIALS 


cables  to  the  primary  terminals  which 
are  mounted  on  porcelain  insulators, 
pass  through  both  soft  and  hard  rubber 
tubing  and  are  tested  to  a  potential  of 
nearly  double  the  working  pressure. 
The  motors  and  gears  weigh  about  4^ 
tons,  the  cases  being  constructed  of 
steel  castings  in  two  sections,  as  shown 
in  Fig.  7. 

The  Zossen  line  is  nearly  15  miles 
long  and  has  grades  varying  up  to 
about  3  per  cent.  The  line  is  divided 
into  sections  about  half  a  mile  long, 
with  a  feeder  conductor  connected  to 
the  center  of  each  section.  The  poles 
are  placed  about  100  feet  apart  and 
about  8  feet  from  the  track.  The 
poles  are  of  wood  and  have  bow- 
shaped  arms,  with  three  hand-drawn 
copper  conductors,  arranged  one  above 
the  other,  supported  upon  hard  rubber 
insulators  which  are,  in  turn,  fastened 
to  a  vertical  wire  and  chain  suspen- 
sion system.  The  lowest  of  these 
wires  is  about  20  feet  from  the  ground. 

The  current  is  collected  from  the 
three  overhead  wires  and  conducted  to 
the  motors  by  a  single  upright  mast 
of  similar  construction  to  those  used 
on  the  original  motor  car.  On  this 
there  were  two  masts,  each  having 
three  bow-shaped  collectors  which 
pressed  against  the  wires  from  the 
side.  The  mast  passes  down  through 
the  roof  and  may  be  revolved  by  the 
motorman-  through  a  set  of  gears. 


Electric    Plant   Failures 

Their    Origin    and   Prevention 

From  a  paper  by  A.  C.  Cormack,  recently  read  before   the  British  Institution   of   Mining  Engineers 


THE  three  tables  given  further  on 
represent  an  analysis  of  the 
breakdowns  which  have  oc- 
curred during  the  past  four  years  with 
several  thousand  motors  and  dynamos, 
ranging  in  size  from  ^-horse-power 
(motor)  to  800  kw.  (dynamo).  The 
machines  included  in  these  statistics 
work  under  conditions  of  attention 
and  superintendence  which  are  some- 
what better  than  the  average,  and 
since  a  number  of  very  bad  machines 
have  been  left  out  of  the  count,  the 
figures  must  be  taken  to  be  consider- 
ably above  the  average.  Motors 
driving  coal  cutting  machines  have 
not  been  included,  as  the  statistics 
from  these  are  incomplete. 

Table  I.  summarizes  the  nature  of 
the  accidents.  When  several  parts 
were  injured  in  a  single  breakdown, 
each  is  included  in  the  table,  except- 
ing in  those  cases  where  the  failure  of 
one  part  is  certain  to  follow  on  the 
failure  of  another.  The  points  of  ori- 
gin of  the  different  breakdowns  are 
shown  in  Table  II. ,  and  Table  III. 
gives  a  summary  of  the  ultimate 
causes  of  the  failures.  The  per  cents, 
in  all  cases  refer  to  the  total  number 


of  failures  covered  by  the  tables.  The 
preparation  of  these  tables  has  been 
somewhat  complicated  by  the  com- 
plex nature  of  some  of  the  derange- 
ments. In  some  cases,  the  derange- 
ments were  not  caused  by  any  single 
fault,  and  for  this  reason  in  preparing 
Table  III.  it  was  necessary  to  adopt  a 
system  of  marks  allocating  the  same 
number  to  each  breakdown,  but  dis- 
tributing them  if  more  than  one  fault 
was  the  cause  of  breakdown. 

Of  the  accidents  in  which  the  field 
magnet  coils  were  damaged  (Table 
I.),  the  larger  number  were  cases  in 
which  the  insulation  between  the  coil, 
and  the  coil  former  or  cores  had  given 
way.  The  1.56  per  cent,  representing 
coils  gone  altogether — that  is,  arcing 
from  series  to  shunt  on  the  same  coil 
or  arcing  between  two  separate  coils 
— show  that  this  is  not  altogether  an 
uncommon  accident.  The  latter  ac- 
cident is  most  frequently  met  with  in 
bipolar  machines,  where  the  coils 
often  touch.  In  this  case,  unless  the 
outer  layers  are  at  the  same  potential, 
there  is  considerable  risk  of  accident. 

The  failure  of  armatures  constitutes 
by  far  the  most  serious  item  on  the 
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table.  The  form  which  such  failure 
most  frequently  assumes  is  the  burn- 
ing' out  of  coils.  In  raanv  cases  the 
entire  armature  was  burned  out,  and 
in  others  only  a  few  coils.  The  per- 
centage of  coils  gone  to  earth,  19.5  per 
*  cent.,  is  also  a  large  item,  and  most 
of  these  failures  were  due  to  destruc- 
tion of  insulation.  The  accumulation  of 
dust  or  other  matter  on  the  insulating 
ridges,  such  as  is  met  with  at  the  end 
of  the  slot  insulation  or  at  the  end  of 

Table  I. — Relative  Frequency  with  which  Various 
Portions  of  Dynamos  and  Electric  Motors  were 
Damaged   in    Breakdowns. 

Mechanical   Portions —  ,— Per   Cent — N 

Broken   shafts    2.35 

Binders  and  fasteners   .' 9.40 

Bearings   8.60 

Other  mechanical  parts 4.70 — 25.05 

Brush-gear,    connections,    terminals,    etc. — 

Failure  of  brush  insulation   2.35 

Connections  and  terminals    3.10 

Mechanical  portion  of  brush-gear...  1.56 —  7.01 

Field   magnet   coils — 

Coils  burnt  out  5.50 

Coils   earthed    3.10 

Coils  gone  altogether   1.56 — 10.16 

Armatures — 

Coils  short-circuited  a.nd  burnt  out..  29.00 
Coils  earthed   (that  is,   failure  of  in- 
stallation of  frame)   19.50 

Breakage  of  wire  15.60 

Joint  failures   8.60 

Binders  burnt    3.10 

Driving  horns   2.35 — 78.15 

Commutators — 

Failure  of  insulation   10.15 

Mechanical    failures     10.95 

Surface  fusion   12.50—33.60 

the  coil  supports  of  a  barrel-wound 
armature,  accounts  for  the  majority  of 
the  remainder.  Breakages  of  wire 
were  confined  mainly  to  the  smaller 
sizes  of  wire-wound  armatures,  and 
usually  took  place  at  or  about  the 
points  where  the  wires  leave  the  coils 
or  join  the  commutator.  The  joint 
failures  are  more  common  than  they 
ought  to  be,  although  some  were  un- 
doubtedly caused  by  short  circuiting 
in  another  portion  of  the  armature. 
The  3.1  per  cent,  in  which  binders 
were  burnt  are  those  cases  where  fus- 
ing took  place  by  arcing  between  the 
binder  and  armature  wires,  and  did 
not  arise  from  purely  mechanical 
stresses. 

Commutators  are  frequently  dam- 
aged, this  having  occurred  in  33.6 
per  cent,  of  the  breakdowns.  The 
failures  of  commutator  insulation 
have  for  the  most  part  occurred  at  the 
ends,  causing  leakages  to  the  earth- 
connected  portions  of  the  commutator 
or  between  bars  or  radial  connections. 
In  the  majority  of  cases,  these  failures 
are  caused  by  the  presence  of  dirt,  or 
other  foreign  matter,  on  the  insulat- 
ing ridges  or  between  the  radial  con- 
nections. The  mechanical  failure  of 
commutators,  amounting  to  10.95  Per 
cent.,  consists  of  burst  commutators, 
fracture  of  commutator  lugs,  and  fail- 
ure of  keying  of  commutators.  The 
cases  where  surface  fusion  of  the  com- 
mutator has  occurred  are  cases  where 
the  surface  of  the  commutator  has 
been  destroyed  by  violent  sparking, 
sometimes  between  segments,  the  lat- 


ter fault  being  the  usual  accompani- 
ment of  a  broken  wire. 

Table  II.  is  interesting  as  showing 
the  parts  of  the  machines  which  ori- 
ginated the  failure.  Breakdowns  to 
shafts  were  caused  generally  by  the 
armature  coming  out  of  center 
through  wear  of  the  bearings,  so  that 
the  unbalanced  downward  magnetic 
pull  added  to  the  weight  of  the  arma- 
ture produced  a  severe  bending  move- 
ment in  the  shaft.  These  cases  are 
properly  chargeahle  to  the  bearings. 
An  interesting  defect  in  dynamo  and 
motor  bearings,  which  sometimes  oc- 
curs and  requires  watching  to  pre- 
vent damage,  is  the  wearing  of  the 
bearing  upwards.  This  sometimes  oc- 
curs in  cases  where  the  armature  has 
been  placed  nearer  the  top  ot  the  race 
than  the  bottom,  in  order  that  the  up- 
ward pull  of  the  magnets  may  relieve 
the  pressure  on  the  bearings.  When 
the  upward  pull  of  the  magnets  is 
greater  than  the  gravitational  attrac- 
tion, the  bearings  wear  upwards,  and 
allow  the  armature  core  to  approach 
the  pole  tips  when  working.  This, 
owing  to  its  liability  to  escape  detec- 
tion, is  a  somewhat  dangerous  defect, 
for  when  the  machine  is  examined  at 
rest  the  armature  clearance  will  ap- 
pear .satisfactory. 

Most  of  the  joint  failures  in  wires 
are  caused  by  bad  workmanship. 
They  have  been,  for  the  most  part, 
confined  to  one  or  two  makes  of  ma- 
chines. Unfortunately,  if  a  faulty 
joint  is  nicely  finished  outside,  it  is 
very  difficult  to  detect  until  it  causes 
trouble.     This  usually  begins  on  the 

Table  II. — Points  of  Origin  of  Breakdowns.  The 
Percentages  Given  Show  the  Frequency  with 
which  the  Various  Parts  Caused  Breakdowns. 

Mechanical   Portions —  , — Per   Cent 

Shafts    0.78 

Bearings    S.60 

General    1.65—11.03 

Brush-gear,   leads   and   terminals — 

Mechanical    3.90 

Insulation     2.35 

Leads  and  terminals    2.35 —  8.60 

Field   magnets — 

Failure  of  coil  insulation  7.80 

Breakage   of   wire    0.78 —  8.58 

Armatures — 

Core  and  slot  insulation 12.50 

End  insulation   (that  is,  sepa- 
rating   bridges) 5.50—18.00 

Coil    insulation    11.70 

Joints    7.00 

Fasteners  and  binders    1.65 

Binder    insulation    7.80 

Driving  horns   1.65—47.80 

Commutators — 

Insulation    9.40 

Fastening  and  keying  5.50 — 14.90 

Starters    4.70 

Unknown    3.13 

Various    1.56 

commutator  surface.  A  number  of 
joint  failures  are  due  to  improper  fas- 
tening of  the  commutator,  but  such 
have  not  been  included  in  the  percent- 
age. 

Commutators  are  responsible  for 
14.9  per  cent,  of  the  breakdowns,  and 
these  may  be  divided  into  two  classes. 
The  first,  in  which  the  insulation  has 
broken  down,  most  frequently  occurs 
between     the     bars     and     supporting 


rings,  the  parts  subject  to  the  greatest 
difference  of  pressure.  Such  break- 
downs often  result  in  the  burning  out 
of  the  armature  windings.  To  a  much 
slighter  extent  breakdown  of  insula- 
tion between  the  segments  occasion- 
ally occurs.  This  seldom  results  in 
more  than  a  few  coils  being  damaged. 
Only  in  a  very  few  cases  does  a  break- 
down occur  in  the  body  of  the  insula- 
tion, permitting  flashing  through  it. 
These  few  cases  have  all  occurred 
where  a  material  which  absorbs  mois- 
ture has  been  substituted  for  mica. 
Almost  all  the  accidents  to  commu- 
tator insulation  are  due  to  the  collec- 
tion of  oil,  dust,  etc.,  on  the  insulating 
ridges  separating  the  segments  from 
the  clamping  nuts.  In  many  cases 
these  ridges  are  made  much  too  short 
Sometimes  there  are  no  ridges  at  all, 
the  insulation  being  flush  or  even 
sunk  below  the  level  of  both  bars  and 
rings.  The  insulation  at  the  outside 
end  is  usually  most  exposed  to  such 
accumulations,  but  being  more  easily 
cleaned  fewer  breakdowns  appear  to 
occur  here  than  at  the  back  end  where 
cleaning  is  very  difficult,  sometimes 
impossible.  Very  few  cases  have  oc- 
curred where  insulation  has  broken 
down  owing  to  the  commutator  wedg- 
ing arrangements  slacking  back  and 
permitting  sufficient  chattering  to 
pulverize  the  insulation.  This  usually 
causes  sufficient  sparking  at  the 
brushes  to  draw  attention  to  the  de- 
fect before  more  serious  mischief  oc- 
curs. Defective  fastening  and  keying 
of  the  commutator  has  caused  5.5  per 
cent,  of  the  total  number  of  accidents. 
Defective  fastenings  sometimes,  al- 
though rarely,  cause  breakdowns  of 
insulation,  as  described  in  the  pre- 
vious paragraphs.  Bursting  of  the 
commutator  by  centrifugal  force  is 
not  now  so  common  as  it  used  to  be, 
and  few  cases  are  met  with.  As  a 
general  rule,  the  proportions  of  the 
parts  are  sufficient  to  resist  the  simple 
centrifugal  stresses,  and  most  of  the 
bursts  usually  met  with  have  been 
caused  by  improper  locking  arrange- 
ments. A  cause  of  bursting  of  com- 
mutators which  does  not  figure  at  all 
in  this  table  is  the  bursting  of  the  com- 
mutator owing  to  the  bars  being  al- 
lowed to  wear  down  too  far.  The  de- 
fect or  absence  of  keying  of  the  com- 
mutators has  caused  in  this  class  the 
largest  number  of  breakdowns.  When 
the  keying  is  defective,  the  commu- 
tator is  driven  by  the  armature  wires, 
and  sometimes  the  commutator  and 
the  armature  have  slight  relative  mo- 
tion on  the  shaft.  This  has  caused  a 
large  number  of  breakages  of  the 
wires  joining  the  armature  to  the 
commutator. 

Starting   switches   of   motors   have 
been  the  cause  of  4.7  per  cent,  of  the 
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breakdowns  in  the  tabic,  and  the 
writer  may  say  that  this  figure  has 
been  kept  low  by  timely  alterations  to 
a  number  of  dangerous  switches.  A 
not  uncommon  fault  in  starters  which 
has  caused  burning  out  of  armatures 
is  a  breakage  of  the  wire  near  the  last 
stop.  In  such  cases,  a  careless  at- 
tendant occasionally  continues  the  use 
of  the  starter,  subjecting  the  armature 
to  very  heavy  starting  currents  by  ap- 
plying practically  the  full  voltage  to 
a  standing  armature. 

In  this  connection  may  be  men- 
tioned another  very  common  fault 
which  is  found  in  starters  for  shunt 
motor — that  is,  taking  the  connection 
from  the  last  stop  of  the  resistance. 
This  results  in  the  voltage,  applied  to 
the  shunt  at  the  moment  of  switching 
on,  being  lowered  to  the  same  extent 
as  the  voltage  applied  to  the  arma- 
ture, with  the  result  that,  to  get  the 

Table    III.— Causes    to    which    the    Failures    were 
Due. 

Constructional—  r~ Per  Cent—, 

Bad   design    18.36 

Perishing  of  insulation   7.40 

Bad  workmanship   13.60 — 39.36 

Conditional — 

Overloading     1-37 

Over-rating     1-56 

Unsuitable    0.78—  3.71 

Maintenance — 

Dust  and  damp  7.40 

Rough   usage    1-56  ■ 

Defective  attention  other  than  above    22.50—31.46 

Accidental  and  unavoidable,  with 
reasonable  care  in  construction  and 
working    7.05 

Unknown    7o 

Caused  by  faults  in  accessories  5.48 

necessary  starting  torque,  the  full  load 
current  has  to  be  much  exceeded. 
The  starting  torque  can  be  kept  up 
by  attaching  the  shunt  wire  to  the 
first  stop  in  the  resistance.  When 
the  switch  is  in  the  "on"  position,  the 
current  for  the  shunt  requires  to  flow 
back  along  the  resistance,  but,  as  a 
general  rule,  this  is  a  matter  of  little 
importance,  and  where  it  is  desirable 
to  arrange  otherwise,  an  additional 
stop  can  be  put  in  the  switch  to  cut 
out  this  resistance  after  the  lever  has 
reached  the  last  stop. 

Table  III.  sets  forth  as  far  as  pos- 
sible the  conclusions  reached  as  to 
the  cause  of  breakdowns.  Some  of 
the  headings  in  this  table  mean  prac- 
tically the  same  thing,  but  it  seemed 
desirable  to  make  out  separate  cate- 
gories. For  example,  the  heading 
"Dust  and  damp"  might  have  been 
merged  in  the  "Defective  attention" 
heading;  but  a  number  of  breakdowns 
have  been  caused  by  dirt  and  damp 
that  could  hardly  have  been  attributed 
to  defective  attention  on  the  part  of 
the  attendant. 

The  first  of  the  main  headings, 
"Constructional  defects,"  is  responsi- 
ble for  39.36  per  cent,  of  the  total 
number  of  breakdowns.  With  greater 
laxity  in  supervision,  resulting  in  a 
greater  number  of  breakdowns,  this 
heading  would  probably  have  been  a 


smaller  percentage.  A  number  of  the 
defects  in  design,  construction,  etc., 
were  known  to  exist  when  the  ma- 
chines came  under  observation,  but 
they  were  usually  of  such  a  nature 
that  little  could  be  dune  to  remedy 
them  without  entirely  reconstructing 
the  machines.  Almost  hall  of  the 
39.36  per  cent,  of  the  total  failures 
were  due  to  bad  designs,  7.4  per  cent, 
to  deterioration  of  insulation  under 
normal  conditions  of  working.  The 
writer  looks  upon  this  latter  as  bad 
design,  because  it  is  the  use  of  un- 
suitable materials  or  of  materials  un- 
der unsuitable  conditions. 

Comparatively  few  of  the  faults 
were  found  in  the  mechanical  portions 
of  the  machines.  Those  usually  took 
the  form  of  insufficient  keying,  bad 
arrangement  of  bearings,  and  other 
defects  familiar  to  all  mechanical  en- 
gineers. The  great  majority  of  the 
faults  in  design  appear  to  be  in  the 
electrical  portions  of  the  machines, 
and  for  the  most  part  take  the  form  of 
supplying  too  little  insulation,  insuf- 
ficient insulating  ridges,  improper  ar- 
rangements for  supporting  the  con- 
ductors and  their  insulation.  The 
writer  is  afraid  that,  owing  to  the 
stress  of  competition,  a  number  of  de- 
signers sacrifice,  to  a  great  extent, 
reliability  to  cheapness.  Particularly 
in  the  case  of  small  and  medium  sized 
motors  the  tendency  is  to  design  ma- 
chines having  higher  rises  of  tempera- 
ture than  experience  has  shown  to  be 
compatible  with  reasonable  durability 
of  the  machine.  No  margin  appears 
to  be  left  for  the  slightly  abnormal 
conditions  that  almost  every  machine 
sooner  or  later  meets  with  in  its  work- 
ing life. 

Damp  and  dust,  7.4  per  cent.,  re- 
fers to  those  cases  where  a  reasonable 
amount  of  attention  was  given  to  the 
machines  by  the  attendant,  but  where, 
owing  to  unfavorable  conditions,  it 
was  not  possible  to  keep  the  machine 
sufficiently  clean  and  dry  to  prevent 
trouble.  Dust  is  frequently  somewhat 
hygroscopic,  absorbing  quantities  of 
moisture.  Defects  from  dust  occur 
most  frequently  in  semi-inclosed  mo- 
tors. These  are  splendid  automatic 
dust  bins;  the  provision  for  cleaning 
usually  is  insufficient;  many  of  them 
cannot  be  cleaned  properly  without 
being  taken  apart,  and  it  would  in 
most  cases  be  impracticable  to  do  this 
every  time  the  machine  required 
cleaning.  The  defects  in  semi-in- 
closed motors  might  quite  well  be  at- 
tributed to  bad  design  or  unsuitability, 
but  the  writer  leaves  the  reader  to 
place  it  as  he  thinks  fit,  with  the  ad- 
vice to  adopt,  where  necessary,  wholly 
inclosed  motors,  large  enough  to  run 
cool ;  and  easily  accessible  open-type 
machines  in  all  other  situations. 


Electric    Railway  Equipment  Tests 
at  the  St.  Louis  Exposition 

ACCORDING  to  an  announce- 
ment just  made  by  J.  G.  White, 
chairman  of  the  Electric  Kail- 
way  Test  Commission,  it  is  desired,  if 
possible,  to  perfect  adequate  arrange- 
ments for  the  conduct,  at  the  Exposi- 
tion, of  a  most  comprehensive  series 
of  tests  upon  electric  railway  equip- 
ments in  order  that  thereby  a  large 
amount  of  important  scientific  and 
engineering  information  may  be  com- 
piled for  the  benefit  and  use  of  de- 
signers and  engineers  in  meeting  the 
great  engineering  questions  now  aris- 
ing, which  involve  enormous  expendi- 


J.     G.     WHITE,     CHAIRMAN     OF     THE    ST.     LOUIS 
ELECTRIC  RAILWAY   TEST   COMMISSION 

tures  and  deal  almost  exclusively  in 
the  problem  of  electric  railroading. 

The  Exposition  has  found  it  possi- 
ble to  provide  adequate  space  in  the 
Electricity  Building  for  the  installa- 
tion of  all  modern  systems  for  the 
operation  and  control  of  electric  cars 
and  trains.  Exhibitors  of  such  sets 
will  be  requested  to  so  make  their  in- 
stallations as  to  make  these  sets, 
through  dynamometer  equipments, 
available  for  test  in  position  in  the 
building. 

On  the  grounds,  the  Exposition 
Company  has  provided  special  tracks, 
having  an  almost  level  grade  and  well 
ballasted,  for  the  operation  and  test  of 
such  complete  electric  railway  car  and 
locomotive  equipments  as  shall  be  of- 
fered.    These    special    tracks    consist 
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of  two  parallel  sections  of  track  four- 
teen hundred  (1400)  feet  in  length. 
In  addition,  terminal  facilities  will  be 
arranged  in  a  prominent  location,  ca- 
pable of  holding  from  twenty  to  twen- 
ty-five fully  equipped  cars. 

The  site  of  the  special  tracks  is 
parallel  with  the  Transportation  and 
Varied  Industries  buildings,  and  be- 
tween these  buildings  and  Lindell 
Boulevard,  which  is  the  southern 
boundary  of  the  pike.  Another  sec- 
tion of  track  on  the  Exposition 
grounds,  consisting  of  two  parallel 
tracks  2000  feet  in  length,  will  pre- 
sumably also  be  available  for  the  con- 
duct of  these  tests,  and  arrangements 
are  being  made  whereby,  it  is  expect- 
ed, the  commission  will  have  the  use 
of  additional  experimental  track  about 
3  miles  in  length  outside  of  the  Expo- 
sition grounds  for  the  operation  of 
the  heavier  equipments.  It  is  be- 
lieved that  these  tracks  will  afford 
ample  space  for  very  comprehensive 
tests  upon  all  present  types  of  electri- 
cally equipped  cars  and  locomotives 
included  in  the  following  classes: — 

EQUIPMENTS    OPERATED    FROM    A    CEN- 
TRAL  STATION 

(a)   Cars  equipped  for  city  service. 
(1))   Cars  equipped  for  interurban  ser- 
vice. 

(c)  Industrial  electric  locomotives. 

(d)  Mining  locomotives. 

(e)  Locomotives  for  steam  railway 
service  conditions. 

EQUIPMENTS  OPERATED  BY  STORED 
POWER 

(a)  Cars  equipped  for  city  service. 

(b)  Industrial  locomotives. 

(c)  Mining  locomotives. 

(d)  Locomotives  for  steam  railway 
service  conditions. 

(e)  Heavy  tram  service,  electric  auto- 
mobiles. 

(f)  Heavy  electric  trucks. 

The  character  to  be  given  the  tests 
made  upon  the  various  electrical 
equipments  submitted  may,  it  is 
thought,  be  divided  as  follows: — 

TESTS    ON   APPARATUS    IN   ELECTRICITY 
BUILDING 

(a)  Tests  on  electric  railway  motor 
equipments  under  constant  load  to 
determine  rate  of  heating  during 
continuous  operating. 

(b)  Tests  on  electric  railway  motor 
equipments  to  determine  efficiency 
of  such  motors  under  different  fixed 
conditions  of  operation. 

(c)  Tests  on  electric  railway  motor 
equipments  for  the  purpose  of  de- 
termining their  torque  curves  and 
accelerating  power. 

(d)  Tests  of  hand,  automatic  and 
multiple-control  systems  to  deter- 
mine their  relative  economy,  cer- 
tainty and  regularity  of  starting 
motor  car  equipments  under  fixed 
loads. 


TESTS    OF    ELECTRIC    RAILWAY     EQUIP- 
MENTS   ON   EXPERIMENTAL,  TRACK 

(a)  Acceleration  tests  on  single  cars 
and  multiple  equipped  trains. 

(b)  Braking  tests  on  single  cars  and 
multiple  equipped  trains. 

(c)  Coasting  tests  on  single  cars  and 
multiple  equipped  trains. 

(d)  Motor  heating  tests  on  single  cars 
and  multiple  equipped  trains. 

(e)  Acceleration  tests  on  locomotives 
and  locomotive  trains. 

(f)  Braking  tests  on  locomotives  and 
locomotive  trains. 

(g)  Coasting     tests     on     locomotives 
and  locomotive  trains. 

(h)   Motor  heating  tests   on  locomo- 
tives and  locomotive  trains, 
(i)  Tests  to  determine  car  and  train 
friction. 

In  the  matter  of  instruments  and 
appliances  for  the  standardization  of 
instruments  used  in  connection  with 
the  tests,  it  is  announced  that  the  Na- 
tional Bureau  of  Standards  will  erect, 
in  the  Palace  of  Electricity,  a  labora- 
tory completely  and  fully  equipped 
with  every  modern  appliance  needed 
for  the  most  accurate  and  scientific 
standardization  of  all  types  and  classes 
of  electrical  instruments,  meters,  etc. 


The    Reversing    Electric    Motor    for 
Machine  Tools 

THE  reversing  motor,  says  "The 
Iron  Age,"  is  attracting  much 
attention  with  makers  of  ma- 
chine tools  and  seems  destined  to  play 
an  important  part  in  the  next  stage  of 
the  development  of  the  direct-con- 
nected motor  -  driven  machine.  A 
comparatively  short  time  ago  the  elec- 
trical engineers  discouraged  an  ex- 
pressed hope  that  a  reversing  motor 
could  be  designed  to  give  efficient  ser- 
vice for  this  purpose,  yet  to-day  sev- 
eral of  the  manufacturers  of  electri- 
cal equipment  are  furnishing  one 
which,  so  far  as  tried,  has  given  sat- 
isfactory results. 

In  an  engine  lathe,  for  example,  a 
reversing  variable  speed  motor  gives 
the  operator  very  complete  control  of 
his  machine.  In  one  lathe,  not  yet 
put  on  the  market,  a  lever  on  the 
apron  operates  the  reversing  mechan- 
ism of  the  motor,  causing  it  to  act  on 
the  spindle  with  exceeding  quickness, 
so  much  so  that  the  spindle  may  be 
stopped  within  very  narrow  limits  of 
the  point  desired,  which  may  be  a  con- 
siderable factor  in  certain  forms  of 
thread  cutting.  Considerable  cost  is 
saved  in  the  manufacture  of  a  machine 
so  equipped,  it  is  claimed,  because 
gearing  necessary  in  procuring  the  re- 
verse motion  where  the  motor  re- 
volves in  a  constant  direction  is  dis- 
pensed with.  It  is  a  sight  that  few 
machinists  would  fail  to  appreciate — 


a  lathe  spindle  oscillating  rapidly;  in 
fact,  as  rapidly  as  the  controlling  lever 
can  be  moved  back  and  forth  by  the 
operator.  The  reversing  motor  has 
not  been  tested  sufficiently  in  com- 
mercial practice  to  establish  its  real 
efficiency,  but  it  is  a  very  interesting 
phase  of  machine  tool  development, 
and  one  that  will  doubtless  be  devel- 
oped to  complete  efficiency  if  it  has 
not  already  reached  that  point  of  per- 
fection. 


Popularity  of  the  Steam  Turbine 

THE  popularity  of  the  steam  tur- 
bine appears  to  be  constantly 
increasing,  and  so-called  new 
types  are  being  steadily  produced. 
According  to  "Engineering,"  every 
possible  mode  of  working  seems,  how- 
ever, to  have  been  already  patented  in 
its  main  features  by  either  Parsons, 
de  Laval,  or  Ferranti,  and  the  new 
types,  on  examination,  generally  turn 
out  to  be  minor  modifications  of  com- 
binations of  the  work  of  these  inven- 
tors, some  of  whose  patents  have,  of 
course,  lapsed  with  efflux  of  time.  We 
note  that  even  the  ingenious  minor 
modification  in  which  the  steam  jet 
after  leaving  one  wheel  is  reversed 
and  turned  back  on  to  the  same  wheel, 
instead  of  being  passed  on  to  a  second 
wheel,  has  already  been  devised  by  a 
number  of  independent  inventors. 
The  plan  avoids  the  multiplication  of 
wheels,  but  is  such  an  obvious  devel- 
opment that  it  is  not  surprising  that 
the  idea  has  been  hit  upon  almost 
simultaneously  by  a  number  of  inde- 
pendent engineers.  It  makes  its  re- 
appearance in  the  new  Terry  steam 
turbine,  and  it  constituted,  it  will  be 
remembered,  the  novel  feature  of  the 
Reidler-Stumpf  turbine,  and  the  idea 
was  also  patented  in  this  country  at 
the  beginning  of  1900  by  a  British  in- 
ventor. In  fact,  every  workable  de- 
tail of  a  steam  turbine  appears  to  have 
been  independently  invented  at  vari- 
ous times  and  places,  so  that  there  is 
a  fair  prospect  of  good  times  for  the 
patent  lawyers  in  the  course  of  the 
next  few  vears. 


It  is  very  important  that  trans- 
former oil  should  contain  neither 
water  nor  acid.  According  to  the 
"Road  Section,"  a  simple  test  may  be 
made  to  detect  the  presence  of  water. 
Take  a  few  crystals  of  blue  stone  (cop- 
per sulphate,  Cu  S04+5  H2  O)  and 
drive  off  the  water  of  crystallization 
by  roasting.  To  the  white  powder 
that  is  left  add  a  small  quantity  of  the 
oil  to  be  tested.  If  the  oil  contains 
water,  the  powder  regains  its  blue  col- 
or. Acid  may  be  most  readily  detect- 
ed by  blue  litmus  paper,  which  turns 
red  when  touched  with  acid. 


Escalators  and   Traveling   Stairways 


By  EDWARD    VAN    WINKLE.  Consulting  Engineer 


THE  word  escalator  was  cleverly 
coined  by  an  American  ele- 
vator company  and  promptly 
copyrighted,  which  will  prevent 
its  universal  use.  It  is  well  de- 
scribed as  an  Americanized  off- 
spring of  both  the  Latin  and 
French,  and  is  derived  from  escalade 
(old  French  and  French)  meaning 
scale  or  climb,  and  scala  (Latin) 
meaning  ladder  or  stair.  Thus  with 
the  suffix  "tor"  we  get  "the  stair 
that  climbs,"  or  the  climbing  or 
traveling  stair.  About  one  hundred 
patents,  for  such  contrivances  have 
been  granted  by  the  United  States 
Government,  some  successful  and 
more  otherwise. 

This  form  of  elevator  is  designed 
for  use  at  elevated  railway  and  under- 
ground roads,  retail  dry  goods  stores, 
theaters,  and  all  other  places  where 
the  transfer  of  people  with  despatch 
from  one  level  to  another  is  necessary. 
It  is  easily  realized  that  such  an  ele- 
vator, moving  continuously,  is  admir- 
ably adapted  for  rapidly  and  comfort- 
ably elevating  a  large  number  of  pas- 
sengers through  a  one-story  height. 

The  capacity  of  an  escalator  is  de- 
pendent upon  speed,  which  is  nor- 
mally ioo  lineal  feet  per  minute,  and 
is  not  handicapped  by  intermittent 
and  reciprocating  motion  as  in  the 
ordinary  commonly  known  elevator. 
In  general,  the  moving  stairway  con- 
sists of  an  endless  inclined  platform 
which  moves  at  a  uniform  speed  and 
upon  which  passengers  step  and  are 
transferred  from  one  landing  to  an 
other.  In  addition  to  the  platform, 
there  is  a  moving  hand  rail  which 
serves  to  steady  the  passengers  in 
their  ascent.  The  platform  is  made 
up  of  a  series  of  iron  sections,  sup- 
ported on  rollers,  linked  together  and 
running  on  tracks  of  various  designs. 
The  mechanism  for  operating  the 
platform  consists  of  two  pairs  of 
sprocket  wheels,  the  teeth  of  which 
engage  with  link  belts  or  projectors 
on  sections  as  the  case  may  be: 

The  Reno'  inclined  elevator — one  of 
several  current  types — is  usually 
erected  with  an  angle  of  inclination 
of  moving  platform  of  about  25  de- 
grees, and  consists  of  a  continuous 
flat  belt  of  iron  sections,  linked  to- 
gether with  longitudinal  ridges  of 
rubber,    which    travel    between    the 
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combed  top  and  bottom  landing 
plates.  It  will  be  seen  in  Fig.  I,  that 
the  foot  of  the  passenger  resting  as 
it  does  upon  the  longitudinal  ridges, 
will,  when  it  arrives  at  the  end  of 
travel,  be  slid  upon  the  combed  land- 
ing, and  the  friction  thus  produced, 
forces  the  passenger  involuntarily  to 
step  forward  and  thus  make  room  for 


the  person  immediately  behind  him. 
The  prongs  of  the  landing  are  sup- 
posed to  be  carried  down  to  the  bot- 
toms of  the  grooves  between  the 
ridges  of  the  platform,  and  thus  make 
it  impossible  -  for  anything  to  be 
caught. 

The  duplex  Reno  stairway,  shown 
in  Fig.  3,  was  installed  at  "The  May 


FIG.  I. ELEVATION  OF  THE  RENO  INCLINED  ELE- 
VATOR, SHOWING  FOOT  OF  PASSENGER  AS  IT  IS  SLID 
UPON  COMBED  TOP  LANDING  PLATE 


FIG.  2. — A  RENO  TRUCK  ELEVATOR.      B  IS  A  REVERSING  SWITCH,  A  ILLUSTRATES  THE  LUGS 
ON   THE  TRUCKS.      MADE  BY  THE  RENO  ELEVATOR   COMPANY,   NEW   YORK 
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FIG.    3. A    RENO    DUPLEX    ELEVATOR,    CAPACITY '  3OOO    PASSENGERS,    ONE    WAY,    PER    HOUR 


Company''  stores  in  Cleveland.  The 
side  on  the  right  is  used  for  ascending 
and  the  one  on  the  left  for  descend- 
ing. The  weight  of  one  belt  counter- 
balances the  weight  of  the  other,  and 
this  is  true  likewise  of  the  loads. 
Therefore,  the  weight  of  the  passen- 
gers descending  assists  in  raising  the 
ascending  passengers,  and  conse- 
quently the  cost  of  operation  is  small. 
Another  familiar  form  of  this  type 
of  moving  stairway  is  illustrated  in 
Fig.  2.  This  elevator  consists  of  a 
moving  incline,  on  the  sides  of  each 
section  of  which  iron  lugs  are  bolted. 
These  engage  suitable  iron  projectors 
bolted  to  the  bottom  of  the  trucks  or 
"wheelers."  This  elevator  can  be  re- 
versed if  it  is  desired  to  bring  trucks 
down  to  the  lower  landing. 


The  actual  power  consumed  by  one 
of  the  duplex  traveling  stairways  now 
in  operation  in  one  of  the  largest  de- 
partment stores  in  the  United  States 
is  best  derived  from  the  following 
readings : — 


Conditions. 


f  Rise,  16  feet. 
Load,  3000  passengers  per  hour  one 
.  -<      way. 
I  Speed,  100  lineal  feet  per  minute. 


Average 
Results. . 


[.Current,  230  volts. 

9  amperes  starting  current  (empty). 

22  amperes  maximum  load,  up  only. 

3  amperes  maximum      load,      down 

only. 
12  amperes    average     load,     up    and 
down. 

For  comparison  with  the  one-way 
escalator  to  be  described  later,  taking 
the  maximum  load  on  the  up-side 
only,  which  is  approximately  6\  H.  P., 
we  have: — 

6J  H.  P.  x  3  cents  =  19.5  cents  as 


cost  of  elevating  3000  passengers  one 
way  a  distance  of  16  feet,  or  154  pas- 
sengers elevated  16  feet  at  a  power 
cost  of  1  cent.  One  must  not  for- 
get, in  making  the  comparison,  that 
the  duplex  moving  stair,  under  ideal 
conditions,  is  very  economical,  as  the 
.  average  descending  load  counterbal- 
ances in  part  the  average  ascending 
load. 

The  Reno  inclined  elevator  is 
claimed  to  be  the  most  simple  in  con- 
struction of  any  escalator  in  operation 
at  the  present  time.  The  disadvantage 
of  this  type  of  escalator  lies  in  the  fact 
that  passengers  are  obliged  to  stand 
with  their  feet  at  an  upward  or  down- 
ward angle  of  25  degrees,  which 
makes  the  passage  uncomfortable. 

The  Hutchinson    inclined  elevator 
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is  similar  to  the  Reno  with  the  excep- 
tion that  the  sections  provide  a  con- 
venient surface  for  the  feet  of  a  pas- 
senger. It  is  based  upon  the  fact  that 
there  is  a  neutral  or  common  point 
located  above  the  driving  wheel  and 
in  the  same  vertical  plane  as  the  cen- 
ter of  the  driving  wheel  which  may 
be  utilized  for  the  passenger's  exit 
from  the  movable  stairway  because  of 
the  curved  tread.  This  type  presents 
many  unnecessary  joints  which  tend 
to  cause  annoyance. 

The  construction  of  the  escalator  as 


built  by  the  Otis  Elevator  Company 
is  clearly  shown  in  the  several  illus- 
trations. The  angle  of  inclination  is 
usually  about  26  degrees.  The  steps 
are  in  the  form  of  four-wheel  car- 
riages running  on  two  sets  of  tracks 
so  constructed  that  the  treads  are  kept 
in  a  horizontal  plane  while  in  the 
usual  vertical  movement  in  passing 
from  the  lower  to  the  upper  landing. 
The  front  pair  of  wheels  is  not  of  the 
same  gauge  as  the  back  pair,  thus  al- 
lowing the  tracks  to  come  up  in  same 
plane  without  interfering. 

The  carriages  are  linked  together 
by  a  continuous  chain  which  passes 
over  the  driving  sprocket  at  the  top 
landing.  The  chain  is  composed  of 
two  steel  shrouds  18  inches  long, 
placed  8  inches  apart  and  connected 
by  i-J-inch  steel  pins  spaced  3  inches 
between  centers,  thus  forming  a  rigid 
link.  These  links  are  made  male  and 
female  and  form  an  endless  chain. 
The  hubs  of  the  links  have  bronze 
bushings  with  a  graphite  inlay,  and 
are,  therefore,  self-lubricating.  The 
axle  of  the  carriage  is  i-i-  inches  in 
diameter  and  forms  the  connecting 
pin  for  the  links,  giving  the  chain  a 
3-inch  pitch ;  it  is  not  unlike  a  flexible 
rack  passing  over  the  driving 
sprocket  wheel. 

The  standard  step  has  a  tread 
measuring  18  by  48  inches,  and  trav- 
els at  the  rate  of  100  lineal  feet  per 
minute;  thus  4000  steps  reach  the 
landing  every  hour.  The  treads  are 
of  quartered  oak  with  the  exception  of 
the  frame  and  risers.  The  average 
person  is  supposed  to  occupy  2  square 
feet,  and.  as  each  step  has  an  area  of 
6    square    feet,    it  will    accommodate 


three    passengers;    therefore,    12,000 
passengers  an  hour  can  be  carried. 

As  to  power  consumption,  the  read- 
ings for  this  type  of  moving  stair  were 
taken  under  identically  the  same  con- 
ditions as  were  those  for  the   Reno 


30  to  35  H.  P.  are  required  in  start- 
ing; 20  to  25  H.  P.  under  full  load,  and 
10  to  15  H.  P.  running  no  load. 

Taking  the  H.  P.  with  full  load  and 
multiplying  by  the  cost  of  current,  we 
obtain  75  cents  as  the  cost  of  elevat- 


-ELEVATION     OF    AN     ESCALATOR    INSTALLATION     AS     MADE     BY    THE    OTIS 
ELEVATOR    COMPANY,    NEW    YORK    AND    LONDON 


stairway,  and  therefore  will  serve  for 
comparison.    They  were  as  follows: — 

Rise,  16  feet. 

Step,  18  inches  x  48  inches. 

Load,  12,000  passengers  per  hour. 

Speed,  100  lineal  feet  per  minute. 

Volts,  230. 

100  amperes    starting    current. 

40  amperes  running  current  (empty). 

75  amperes  running  full  load. 

It  will  therefore  be  seen  that  from 


Conditions.  .< 


irig  12,000  passengers  a  distance  of  16 
feet;  or  160  passengers  are  elevated 
16  feet  at  a  power  cost  of  1  cent. 

The  Venn  escalator  is  a  moving 
stair  with  steps  so  constructed  that 
each  is  supported  at  any  one  time 
upon  two  tracks  with  the  use  of  only 
a    single    pair  of    rollers  or    bearing 


FIG.    5. — -AN  OTIS  ESCALATOR  AT  THE  TWENTY-THIRD  STREET  STATION  OF  THE   SIXTH  AVENUE 

ELEVATED  RAILROAD,   NEW  YORK 
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Fig.  6. — the  otis  escalator  running  gear  around  the  lower  carriage,  observe 
the  ascending  and  returning  runs  of  the  sprocket  chain.  the  terminal  with 
horizontal  run  forms  the  lower  landing 


wheels.  This  system  of  construction 
avoids  the  necessity  of  additional 
tracks  or  roll  support  at  each  end  of 
each  step.  The  level  of  each  step  and 
of  the  horizontal  bearing  faces  or 
treads  is  maintained,  while  permitting 
the  usual  vertical  movement  in  pass- 
ing from  the  lower  horizontal  to  the 
upper  landing,  by  means  of  two 
curved  bearings  upon  the  step  with 
bearing  points  on  the  adjacent  step 
and  a  link  connection  that  will  permit 
one  step  to  move  vertically  independ- 
ently of  the  other,  while  the  curved 
bearing  points  maintain  the  steps  in 
position  vertically  and  prevent  them 
from  tipping. 

This  construction  is  cheaper,  as 
there  is  but  one  set  of  tracks,  and  the 
carriage  or  step  is  simple,  but  this  de- 
sign has  not  as  yet  been  practically 
tested. 

To     estimate     approximately     the 
power  consumption  for  any  escalator 
the  following  formula  can  be  used: 
H.  P.  =  H  +  PxW  xR 


33,000 


In  this,  H  =  H.  P.  required  to  drive 
escalator,  including  hand  rails. 

P  =  passengers  per  minute. 

W  =  average  weight  of  passengers 
in  pounds. 

R  =  rise  in  feet. 

H  for  the  Otis  escalator  is  approx- 
imately  12  H.  P. 

H  for  Reno  traveling  stair  is  ap- 
proximately 2  H.  P. 

H  for  Hutchinson  traveling  stair  is 
approximately  3  H.  P. 

H  for  Venn  escalator  is  approxi- 
mately 10  H.  P. 

Only  those  traveling  stairways  have 
been  described  which  have  come 
prominently  before  the  public.  The 
escalator  art  is  yet  in  its  infancy  and 
will  probably  not  become  extensive 
until  a  traveling  stairway  is  designed 
so  that  the  passenger,  as  he  ap- 
proaches it,  is  picked  up  without  any 
volition  on  his  or  her  part,  and  is  de- 
posited on  the  upper  landing  and  on 
"terra  firma"  without  elective  pref- 
erence, carrying  with  it  no  sensation 
which  tends  to  frighten  the  nervous. 
That  is  the  one  great  danger  in  con- 


nection with  the  different  types  of 
moving  stairways  built  up  to  the  pres- 
ent time,  and  the  fact  that  each  pas- 
senger has  to  step  on  to  a  moving 
platform  from  one  that  is  still,  and 
from  a  moving  platform  to  one  which 
is  stationary,  is  a  drawback  which  is 
acknowledged  by  the  fact  that  an 
attendant,  popularly  known  as 
"bouncer,"  is  stationed  at  the  top  of 
every  escalator  now  in  operation. 

Wireless    Telegraphy  in  the    Russo- 
Japanese  War 

REGARDING  wireless  telegraphy 
in  japan,  with  special  reference 
to  its  uses  in  the  present  con- 
flict with  Russia,  Mr.  Chinooh  Imay, 
formerly  Japanese  vice-consul  at 
Montreal,  is  reported  to  have  made 
the  following  statements: — "The  wire- 
less telegraph  wizard  of  Japan  is  Dr. 
S.  Kimura.  He  it  is  who  has  evolved 
Japan's  wonderful  system.  In  wire- 
less telegraphy  Japan  is  far  ahead  of 
even  America.  The  Japanese  nation 
took  up  its  study  as  soon  as  it  was  an- 
nounced, and  no  expense  was  spared 
in  developing  it.  All  of  this  was  done 
with  the  idea  of  war  in  view.  We 
have  kept  quiet  all  these  years,  except- 
ing to  make  good  use  of  our  improve- 
ments, and  I  think  we  have  succeeded. 
Our  wireless  telegraph  facilities  ex- 
plain the  seemingly  wild  reports  of 
victories  received  at  Tokio  long  before 
anyone  else  had  heard  of  them.  1 
know  personally  that  the  news  of  the 
attack  on  the  ships  at  Port  Arthur 
was  sent  to  Tokio  by  the  wireless 
system." 

Russia  has  also  been  making  use 
of  wireless  telegraphy,  and  has  re- 
cently purchased  an  outfit  of  the  Tele- 
funken  system  for  use  in  connection 
with  the  transportation  of  troops 
across  Lake  Baikal. 


Platinum  and  its  allied  metals, 
which  depend  almost  entirely  upon  the 
Ural  Mountains  for  their  crude  sup- 
ply, have  already  felt  the  effects  of  the 
Russian-Japanese  War,  owing  to 
heavy  withdrawal  of  forces  from  this 
mountain  mining  district  by  the  Rus- 
sian Government,  the  result  of  which 
has  naturally  been  an  advance  in 
price.  For  some  time  there  has  been 
an  increasing  demand  for  platinum 
and  its  alloys  in  the  electrical  and 
chemical  fields,  which  is  constantly 
being  supplemented  by  the  increasing 
use  of  gas  engines,  automobiles  and 
various  new  electrical  appliances  hav- 
ing platinum  contacts  and  attach- 
ments. This  growing  demand,  with 
a  probable  long  continuance  of  the 
present  situation  in  Russia,  strongly 
points  to  a  further  advance  in  a  very 
short  time. 


Insulating  and  Conducting  Pins  on  Electric 

Transmission    Lines 


By  ALTON  D.  ADAMS 


INSULATORS  may  resist  punc- 
ture and  prevent  surface  arc- 
ing from  wire  to  pin,  but 
still  allow  a  large  though  silent 
now  of  energy  over  the  pins 
and  cross  arms  between  the  conduct- 
ors of  a  transmission  circuit.  The 
rate  at  which  current  flows  from  one 
wire  of  a  transmission  circuit  to 
another  in  this  way  depends  on  the 
total  resistance  of  each  path  over  in- 
sulator' surfaces  and  through  air  to 
the  pins  and  cross  arm,  and  then  over 
these  parts. 

If  the  pins  and  cross  arm  are  en- 
tirely of  iron,  the  total  resistance  of 
the  path  through  them  from  wire  to 
wire  is  practically  that  of  the  air  and 
the  insulator  surfaces  that  complete 
this  path.  If  the  pins  and  cross  arm 
are  of  wood  which  is  dry,  they  may 
offer  an  appreciable  part  of  the  total 
resistance  of  the  path  through  them 
between  the  wires  of  a  circuit;  but  if 
the  wood  be  wet,  its  resistance  is  very 
much  reduced. 

The  resistance  of  wooden  pins  and 
cross  arm  may  be  so  small  compared 
with  that  of  the  air  and  insulator  sur- 
faces that  complete  the  path  through 
them  from  wire  to  wire  of  a  circuit, 
that  the  effect  of  these  wooden  parts 
in  checking  the  flow  of  current  be- 
tween conductors  is  relatively  unim- 
portant, and  yet  the  relative  resist- 
ances of  these  pins  and  the  cross  arm, 
or  parts  of  them,  as  to  each  other, 
may  have  important  results  as  to  their 
lasting  qualities. 

The  current  that  flows  over  the  pins 
and  cross  arms  from  one  wire  to 
another  of  a  high-tension  circuit  may 
be  so  small  as  not  to  injure  these 
wooden  parts  when  evenly  distrib- 
uted over  them,  and  yet  this  same 
current  may  char  or  burn  the  wood 
if  confined  to  a  narrow  path.  Such 
a  leakage  current  will  naturally  cease 
to  be  evenly  distributed  over  pins 
and  their  cross  arm  when  certain  por- 
tions of  their  surfaces  are  of  much 
lower  resistance  than  others,  because 
an  electric  current  divides  and  follows 
several  possible  paths  in  the  inverse 
ratio  of  their  resistances. 

These  narrow  paths  of  relatively 
low  resistance  along  wooden  pins  and 


cross  arms  are  heated  and  charred 
by  the  very  current  that  they  attract, 
so  that  the  conductivity  of  the  path 
and  the  heat  developed  therein  react 
mutually  to  increase  each  other,  and 
tend  toward  the  destruction  of  the 
wood. 

Among  causes  that  tend  to  make 
some  parts  of  pins  and  cross  arms 
better  conductors  than  others,  there 
may  be  mentioned  cracks  in  the 
wood,  where  dirt  and  moisture  col- 
lect, dust,  with  a  mixture  of  salt  de- 
posited on  the  wood  by  the  winds  at 
certain  places,  and  sea  fogs  that  are 
often  blown  only  against  one  side  of 
the   pins   and   arms. 

To  make  matters  worse,  the  same 
cause  that  creates  a  path  of  relatively 
good  conductivity  along  wooden  pins 
and  cross  arms  often  materially  low- 
ers the  resistance  offered  to  the  leak- 
age of  current  by  the  insulator  sur- 
faces. Thus  the  rate  at  which  energy 
passes  from  wire  to  wire  of  a  circuit, 
and  the  concentration  of  this  energy 
in  certain  parts  of  the  wooden  path, 
are  sometimes  brought  about  at  the 
same  time.  Where  the  line  insulators 
employed  are  so  designed  that  the 
resistance  of  the  dry  wooden  pins 
and  cross  arm  forms  a  material  part 
of  the  total  resistance  between  the 
wires  of  a  circuit,  a  rain  or  heavy  fog 
may  cause  a  very  large  increase  in  the 
rate  at  which  energy  passes  over  these 
wooden  parts  between  the  conductors. 

As  long  as  only  moderate  voltages 
were  carried  on  line  conductors,  the 
charring  and  burning  of  their  pins 
and  cross  arms  was  a  very  un- 
usual matter,  but  with  the  ap- 
plication of  very  high  pressures 
on  long  circuits,  the  destruction  of 
these  wooden  parts  by  the  heat  of 
leakage  currents  has  become  a  seri- 
ous menace  to  transmission  systems. 
Even  with  low  voltages  there  may  be 
charring  and  burning  of  pins  and 
cross  arms  if  the  line  insulators  are 
very  poor,  or  if  the  conditions  as  to 
weather  and  flying  dust  are  suffi- 
ciently severe. 

In  a  recent  volume  of  the  Transac- 
tions of  the  American  Institute  of 
Electrical  Engineers,  an  account  of 
the  charring  and  burning  of  pins  on 


several  transmission  lines  is  given, 
from  which  some  of  the  following  ex- 
amples are  taken. 

In  one  case  a  line  that  ran  near  a 
certain  chemical  factory  was  said  to 
be  much  troubled  by  the  burning  of 
its  pins,  though  the  voltage  employed 
was  only  440,  and  the  insulators  were 
designed  for  circuits  of  10,000  volts. 
In  rainy  weather,  when  insulators, 
pins  and  cross  arms  were  washed 
clean  of  the  chemical  deposit,  there 
was  no  pin  burning.  Similar  trouble 
has  been  met  with  on  sections  of  the 
40,000-volt  Provo  line,  in  Utah, 
where  dust,  mixed  with  salt,  is  de- 
posited on  the  insulators,  pins  and 
cross  arms. 

When  circuits  are  operated  at  volt- 
ages of  40,000  to  60,000,  no  verv  se- 
vere climatic  conditions  are  necessary 
to  develop  serious  trouble  in  the 
wooden  pins  by  leakage  currents, 
even  where  the  transmission  lines  are 
supported  on  insulators  of  the  largest 
and  best  types  yet  developed.  Strik- 
ing examples  along  this  line  may  be 
seen  in  the  transmission  systems  be- 
tween Colgate  and  Oakland,  Cal., 
and  between  Electra  and  San  Fran- 
cisco. Both  of  these  systems  were 
designed  to  transmit  energy  at  60,000 
volts,  but  the  actual  pressure  of  oper- 
ation seems  to  have  been  limited  to 
about  40,000  volts  during  most,  if  not 
all,  of  their  period  of  service. 

Insulators  of  a  single  type  and  size 
are  used  on  both  of  these  transmis- 
sion lines,  and  are  among  the  largest 
and  most  effective  ever  put  into  ser- 
vice on  long  circuits. 

Each  of  these  insulators  is  11  inches 
in  diameter,  and  n-}  inches  high 
from  the  lower  edge  to  the  top,  the 
line  wire  being-  carried  in  a  central 
top  groove.  The  wooden  pins  used 
on  the  two  lines  vary  a  little  in  size, 
so  that  on  the  Electra  line  each  pin 
stands  11^  inches  above  its  cross  arm, 
while  on  the  Colgate  line  the  cor- 
responding distance  is  12  inches.  As 
the  insulators  are  of  the  same  size 
in  each  case,  the  length  of  the  pin  be- 
tween the  lower  edge  of  each  insu- 
lator and  the  top  of  the  cross  arm  is 
3^  inches  on  the  Colgate  line  and  4 
inches  on  the  Electra  line. 
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On  the  latter  line  a  porcelain  sleeve, 
entirely  separate  from,  and  making 
no  contact  with  the  insulator,  covers 
each  pin  from  the  top  of  its  cross  arm 
to  a  point  above  the  lower  edge  of 
the  insulator.  On  the  Colgate  line 
each  insulator  makes  contact  with  its 
pin  for  a  length  of  2\  inches  down 
from  the  top  of  its  thread,  and  on  the 
Electra  line  the  contact  of  each  in- 
sulator with  its  pin  runs  down  3^ 
inches  below  the  top  of  the  thread. 
This  leaves  9  inches  in  the  length  of 
the  pin  between  the  insulator  contact 
and  the  top  of  each  cross  arm  on  the 
Colgate  line,  and  a  corresponding 
length  of  pin  amounting  to  8^  inches 
on  the  Electra  line.  Of  these  8^  inches 
of  pin  surface,  about  6  inches  are  cov- 
ered by  the  porcelain  insulating  sleeve 
used  on  each  pin  of  the  Electra  line, 
so  that  only  about  2.\  inches  of  the 
length  of  each  pin  on  that  line  are  ex- 
posed to  the  leakage  of  current  from 
the  insulator  directly  through  the  air. 
Both  the  sizes  of  pins  just  mentioned 
were  made  of  eucalyptus  wood,  boiled 
in  linseed  oil. 

Each  one  of  three  pins  taken  from 
pole  No.  4440,  between  North  Tomer 
and  Cordelia,  on  the  Colgate  line,  was 
badly  charred  and  burned  on  the  side 
that  faced  the  damp  ocean  winds. 
This  charring  extended  all  the  way- 
down  each  pin  from  the  point  where 
the  insulator  made  contact  with  it,  a 
little  under  the  threads  to  the  top  of 
the  cross  arm,  9  inches  below.  Two 
of  these  pins  were  located  at  the  op- 
posite ends  of  a  cross  arm,  and  the 
third  was  fixed  in  the  top  of  the  pole. 
This  cross  arm  was  charred  or  burnt, 
as  well  as  the  pin,  but  no  defects 
could  be  detected  in  the  insulators 
that  the  pins  supported. 

As  to  these  three  pins  the  most  rea- 
sonable explanation  seems  to  be  that 
enough  current  leaked  over  both  the 
outside  and  inside  surfaces  of  each  in- 
sulator and  through  the  air  to  char 
the  pin  and  cross  arm.  In  flowing 
down  each  pin,  the  current  was  nat- 
urally concentrated  on  the  side  ex- 
posed to  the  damp  winds  of  the  ocean, 
because  the  deposit  of  moisture  by 
these  winds  lowered  the  resistance  on 
that  side.  When  these  winds  were 
not  blowing,  and  before  a  pin  be- 
came charred  on  one  side,  its  resist- 
ance was  probably  about  the  same  all 
the  way  around,  and  the  leakage  cur- 
rent, being  distributed  over  the  pin, 
was  not  sufficient  to  char  it.  The 
damp  wind,  would,  of  course,  lower 
the  surface  resistance  of  each  insu- 
lator, and  this,  with  the  deposit  of 
moisture  on  the  pins  and  cross  arm, 
must  have  made  a  very  material  re- 
duction in  the  total  resistance  from 
wire  to  wire. 

The  insulators  used  on  these  pins 


each  had  two  petticoats,  an  upper  one, 
1 1  inches  in  diameter,  and  a  lower 
one,  6-|  inches  in  diameter,  the  lower 
edge  of  the  smaller  petticoat  being  y\ 
inches  beneath  the  lower  outside  edge 
of  the  larger  petticoat.  As  the  inner 
surface  of  the  larger  petticoat  was 
much  nearer  to  a  horizontal  plane 
than  the  inner  surface  of  the  smaller 
petticoat,  moisture  would  have  been 
more  readily  retained  on  it,  and  the 
greater  part  of  the  surface  resistance 
of  the  insulator  during  wet  weather 
must  therefore  have  been  on  the  in- 
side of  the  smaller  petticoat.  At  its 
lower,  edge  the  smaller  petticoat  was 
distant  radially  about  if  inches  from 
the  pin,  and  the  distance  between  the 
pin  and  the  inside  surface  of  the 
smaller  petticoat  gradually  decreased 
to  actual  contact  at  a  point  5^  inches 
above  this  lower  edge. 

The  path  of  the  current  from  the 
line  wire  to  the  pin  in  this  case  seems 
to  have  been  first  over  the  entire 
insulator  surface  to  the  lower  edge  of 
the  smaller  petticoat  and  then  partly 
up  over  the  inner  surface  of  this  pet- 
ticoat and  partly  from  that  surface 
through  the  air.  On  each  of  these 
three  pins  the  charring  was  quite 
as  bad  just  below  the  thread  as 
it  was  further  down,  so  that  a 
large  part  of  the  leakage  cur- 
rent seems  to  have  gone  up  over 
the  interior  surface  of  the  smaller  pet- 
ticoat. The  charred  portion  of  these 
pins  extended  but  little,  if  at  all,  into 
the  threads  near  the  tops  or  into  the 
part  of  the  pin  fitting  into  the  cross 
arm.  The  preservation  of  the  part  of 
each  pin  that  entered  the  cross  arm 
seems  to  have  been  due  to  the  in- 
crease of  surface  and  decrease  of  re- 
sistance of  the  cross  arm  in  compari- 
son with  the  pin.  Preservation  of  the 
threaded  part  of  each  pin  seems  to 
have  been  due  to  its  protection  from 
moisture  and  its  high  resistance,  so 
that  little  or  no  current  passed  over 
it. 

Another  pin  taken  from  the  same 
line  as  the  three  just  considered  was 
badly  burned  at  a  point  about  if 
inches  below  the  threads,  but  on  saw- 
ing it  completely  across  at  two  points 
below  the  charred  spot,  the  entire  sec- 
tion was  found  to  be  perfectly  sound 
and  free  from  any  sign  of  burning. 
The  explanation  of  the  condition  of 
this  pin  is,  perhaps,  that  the  resistance 
of  the  burned  part,  owing  to  its  addi- 
tional protection  and  dryness,  was 
high  compared  with  that  of  the  lower 
part  of  the  pin,  and  thus  developed 
most  of  the  heat  on  the  passage  of 
current.  It  is  not  clear,  however,  why 
this  pin  should  burn  only  just  below 
the  thread,  while  other  pins  of  the 
same  kind  on  the  same  line  were 
charred  all  the  way  clown  from  the 


thread  to  the  cross  arm.  Another  cu- 
rious result  noticed  in  some  pins  on 
this  same  line  is  the  softening  of  the 
threads  so  that  they  can  be  rubbed  off 
with  the  fingers. 

Relation  of  Pins  and  Insulators. 

Length 
Dia-  of  pin 

meter     Height    covered 
of  insu-  of  insula-  by  insu- 
Location  of       Voltage    lator.        lator.  ■   lator. 
line  of  line.    Inches.  ^Inches.    Inches. 

Electra  to  San 
Francisco 60,000  n  11K  I2 

Colgate  to  Oak- 
land       60,000  11  nji  8 

Canon  Ferry  to 
Butte 50,000  9  12  10^2 

S  h  a  w  i  n  i  g  a  n 
Falls  to  Mon- 
treal        50,000  10  13  10% 

Santa  Ana 
River  to  Los 
Angeles 33,000  6-%  4%  i]i 

Provo  around 
Utah  Lake 40,000  7  sH  4^t 

Spier  Falls  to 
Schenectady  .      30,000  S'/&  6%  5% 

Niagara  Falls 
to  Buffalo 22,000  7K  7  5 

The  softened  wood  of  the  threads 
is  not  charred,  but  it  is  said  to  have 
a  sour  taste  and  to  resemble  digested 
wood  pulp.  While  the  threads  of  a 
wooden  pin  are  destroyed  in  this  way 
the  remainder  of  the  pin  may  still  re- 
main perfect  and  show  no  charring. 

Relation  of  Pins  and  Insulators. 

Length  of  Distance  Distance 

pin  be-  from  outer   from  low- 

tween  in-  petticoat  est  petti- 

sulator  and        to  pin  coat  to  pin 

cross  through  through 

Location  of              arm.  air.  air. 

line.                   Inches.  Inches.  Inches. 

Electra  to  San 
Francisco o  io}^  3 

Colgate  to  Oak- 
land.   3K  IO  2'A 

Canon  Ferry  to 
Butte iK  1%  T^ 

Shawinigan 
Falls  to  Mon- 
treal   3/<  9%  x 

Santa  Ana 
River  to  Los 
Angeles 3%  2H 

Provo  around 
Utah  Lake....  3^  2%   . 

Spier  Falls  to 
Schenectady  .4  4  76 

Niagara  Falls 
to  Buffalo  ....  3  A%  2 

In  explanation  of  this  disintegration 
of  the  threads  of  wooden  pins  it  was 
stated  that  a  number  of  these  pins, 
the  tops  of  which  were  reduced  to  a 
white  powder,  had  been  taken  from 
the  line  between  Niagara  Falls  and 
Buffalo,  on  which  the  voltage  is  22,- 
ooo,  and  that  this  powder  proved,  on 
analysis,  to  be  a  nitrate  salt.  This 
salt  was  thought  to  be  the  result  of 
the  action  of  nitric  acid  on  the  wood, 
it  being  supposed  that  the  acid  was 
formed  by  a  static  discharge  acting 
on  the  oxygen  and  nitrogen  of  the 
air  between  the  threads  of  the  insu- 
lator and  pin.  In  support  of  this  view 
it  was  stated  that  an  experimental  line 
of  galvanized-iron  wire  at  Niagara 
Falls,  which  was  operated  at  75,000 
volts  continuously  during  nearly  four 
months,  turned  black  over  its  entire 
length  of  about  two  miles.  This 
surface  disintegration  was  not  due  to 
the  normal  action  of  the  air,  for  simi- 
lar wire  at  the  same  place  remained 
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bright  when  not  used  as  an  electrical 
conductor. 

These  facts  seemed  to  indicate  that 
the  brush  discharge  from  the  wires 
carrying  the  75,000-volt  current  de- 
veloped nitric  acid  from  the  oxygen 
and  nitrogen  of  the  air,  and  that  this 
acid  attacked  the  wire.  If  this  ex- 
planation is  correct  as  to  the  destruc- 
tion of  the  threads  on  the  wooden 
pins,  it  is  not  clear  why  only  a  very 
few  insulators  were  punctured. 

One  of  the  above  mentioned  pins 
used  on  the  Electra  line  was  much 
charred  and  burned  away  at  a  point 
a  little  below  the  threads.  The 
charred  path  of  the  current  could  also 
be  traced  down  the  side  of  the  pin 
to  the  cross  arm,  but  this  path  was  not 
as  badly  burned  as  the  spot  near  the 
top   of  the  pin. 

A  composite  pin  from  a  33,000-volt 
line,  probably  a  part  of  the  transmis- 
sion system  between  the  Santa  Ana 
River  and  Los  Angeles,  was  burned 
through  its  wooden  threads  to  the 
central  iron  bolt,  along  a  narrow  strip 
at  one  side.  Every  pin  burned  on  this 
line  was  said  to  show  the  effects  of 
the  current  in  the  way  just  described, 
but  no  cross  arms  were  burned  and 
very  few  insulators  punctured. 

The  composite  pin  was  made  up-  of 
a  central  iron  bolt  iof  inches  long,  -| 
inch  in  diameter  and  with  a  thin  head 
above  the  wooden  threads,  a  sleeve  of 
wood  2§  inches  long  and  1  inch  in 
diameter  in  its  threaded  portion,  and 
a  sleeve  of  porcelain  3-I  inches  long 
and  1^  inches  in  diameter  at  its  upper, 
and  2  11-16  inches  at  its  lower  end. 
The  sleeves  of  wood  and  porcelain 
were  slipped  over  the  central  iron  bolt 
so  that  the  portions  of  the  pin  above 
the  cross  arm  measured  5^  inches. 
In  this  case  the  path  of  the  leakage 
current  seems  to  have  been  over  both 
the  exterior  and  interior  surface  of 
the  insulator,  and  then  through  the 
wooden  sleeve  to  the  central  bolt  and 
the  cross  arm. 

The  facts  just  outlined  certainly  in- 
dicate a  serious  menace  to  the  per- 
manence and  reliability  of  long,  high 
voltage  transmission  lines  supported 
by  insulators  on  wooden  pins.  If 
such  results  have  been  encountered 
on  the  lines  above  named,  where 
some  of  the  largest  and  best  designs 
of  insulators  are  employed,  it  is  only 
fair  to  assume  that  similar  destructive 
effects  of  leakage  currents  are  taking 
place  on  many  other  lines  that  oper- 
ate at  high  voltages.  Unless  a 
remedy  can  be  found  for  this  destruc- 
tive operation  of  leakage  currents,  the 
multiplication  of  transmissions  at 
very  high  voltages  will  in  some  meas- 
ure be  checked. 

It  seems  at  least  doubtful  whether 
any  enlargement  or  improvement  of 


the  insulators  themselves  will  entirely 
avoid  the  destruction  of  their  wooden 
pins  in  one  of  the  ways  mentioned. 
It  is  possible,  but  not  certain,  that 
further  extensions  of  distances 
through  air  and  over  insu- 
lator surfaces,  both  exterior  and 
interior,  between  line  wires  and 
wooden  pins,  will  prevent  charring 
and  burning  of  the  latter  by  leakage 
currents.  Much  has  already  been 
done  in  the  way  of  covering  most  of 
the  pin  above  its  cross  arm  with  the 
insulator  parts,  but  even  those  por- 
tions of  the  pins  that  are  best  pro- 
tected in  this  way  are  not  free  from 
burning. 

Thus  on  the  Colgate  line  8  inches  of 
each  pin  are  protected  by  the  interior 
surface  of  its  insulator,  but  these  pins 
were  charred  quite  as  badly  where 
best  protected,  up  close  to  the  thread, 
as  they  were  down  near  the  cross  arm. 
The  same  is  true  of  the  Electra  line, 
where  a  porcelain  sleeve  runs  up 
about  the  pin  from  the  cross  arm  to 
a  point  above  the  inner  petticoat  of 
each  insulator,  so  that  the  entire 
length  of  the  pin  above  the  cross  arm 
is  protected.  On  the  Canon  Ferry 
line,  a  glass  sleeve  that  virtually 
forms  a  part  of  each  insulator,  though 
mechanically  separate  from  it,  pro- 
tects the  pin  from  its  threaded  portion 
to  within  i-§  inches  of  the  cross  arm. 

Insulators  on  the  line  from  Shaw- 
inigan  Falls  to  Montreal  are  each  13 
inches  long  and  extend  down  over  the 
pin  to  within  i-J  inches  of  the  cross 
arm.  The  burned  portion  of  each  pin 
from  the  Santa  Ana  line  was  that  car- 
rying the  threads,  and  thus  in  actual 
contact  with  that  part  of  the  insulator 
which  was  separated  by  the  greatest 
surface  distance  from  the  line  wire. 
Aside  from  the  burning  of  pins  is  the 
destruction  of  their  threaded  parts  by 
some  chemical  agency  that  is  devel- 
oped inside  of  the  tops  of  the  insu- 
lators, as  shown  in  the  cases  of  the 
Colgate  and  Niagara  lines.  It  does 
not  appear  that  any  improvement  of 
insulators  will  necessarily  prevent 
chemical  action. 

Though  it  may  not  be  practicable 
to  so  increase  the  surface  resistance 
of  each  insulator  that  the  burning  of 
wooden  pins  by  leakage  current  wall 
be  prevented,  the  substitution  of  a 
conducting  for  an  insulating  pin  may 
remedy  the  trouble.  As  the  insula- 
lators,  pins  and  cross  arm  form  a 
path  for  the  leakage  current  from 
wire  to  wire,  the  wooden  pins  by  their 
resistance,  especially  when  dry,  must 
develope  heat.  In  pins  of  very  low 
resistance  and  of  non-combustible 
material,  this  heat  would  be  trifling 
and  would  do  no  damage.  With  pins 
of  good  conducting  material,  like 
iron^  the  amount  of  leakage  from  wire 


to  wire,  with  a  given  design  of  insu- 
lator, would,  no  doubt,  be  somewhat 
greater  than  the  leakage  with  wooden 
pins. 

It  will  be  cheaper,  however,  to  in- 
crease the  resistance  of  new  insulators 
up  to  the  combined  resistance  of 
present  insulators  and  their  wooden 
pins  than  it  will  be  to  replace  these 
pins  when  they  are  burned. 

From  all  the  evidence  at  hand,  it 
seems  that  insulators  which  reduce 
the  leakage  of  current  over  their  sur- 
faces to  permissible  limits  as  far  as 
mere  loss  of  energy  is  concerned, 
even  with  iron  pins,  will  not  prevent 
the  charring  and  destruction  of 
wooden  pins. 

When  any  suitable  insulator  is  dry 
and  clean  it  offers  all  necessary  re- 
sistance to  the  leakage  of  current 
over  its  surface,  and  any  resistance 
in  the  pin  that  carries  the  insulator 
is  of  small  importance.  If  the  resis- 
tance of  an  insulator  needs  to  be  re- 
inforced by  that  of  its  pin  in  any  case, 
it  is  when  the  surface  of  the  insulator 
is  wet  or  dirty.  Unfortunately,  how- 
ever, the  same  weather  conditions 
that  deposit  dirt  or  moisture  on  an 
insulator  make  similar  deposits  on 
its  pin,  and  the  resistance  of  the  pin 
is  lowered  much  more  than  that  of 
the  insulator  by  such  deposits.  The 
increase  of  current  leakage  over  the 
surface  of  an  insulator  during  rains 
and  fogs  usually  does  no  damage  to 
the  insulator  itself,  but  such  leakage 
over  the  wet  pin  soon  develops  a  sur- 
face layer  of  carbon  that  continues  to 
act  as  a  good  conductor  after  the 
moisture  that  temporarily  lowered  the 
resistance  has  gone.  Reasons  like 
these  have  led  some  engineers  to  pre- 
fer iron  pins  with  insulators  that  offer 
all  of  the  resistance  necessary  for  the 
voltage  employed  on  the  line. 

It  may  be  suggested  that  the  use 
of  iron  pins  will  transfer  the  charring 
and  burning  to  the  wooden  cross 
arms,  but  this  does  not  seem  to  be  a 
necessary  result.  The  comparative 
freedom  of  cross  arms  from  charring 
and  burning  where  wooden  pins  are 
used,  seems  to  be  due  to  the  larger 
surface  and  lower  resistance  of  the 
cross  arms.  With  iron  pins  having  a 
shank  of  small  diameter,  so  that  the 
area  of  contact  surface  between  the 
pin  and  the  wooden  cross  arm  is  rel- 
atively small,  there  may  be  some 
charring  of  the  wood  at  this  contact 
surface.  Should  it  be  thought  de- 
sirable to  guard  against  any  trouble 
of  this  sort,  the  surface  of  the  iron  pin 
in  contact  with  the  cross  arm  may 
be  made  ample  by  the  use  of  large 
washers,  or  by  giving  each  pin  a 
greater  diameter  at  the  shank  than 
elsewhere. 

It  may  be  noted  that  the  pins  with  a, 


224 


THE      ELECTRICAL      AGE 


April,  1904 


central  iron  bolt  only  half  an  inch  in 
diameter,  used  on  the  33,000-volt 
Santa  Ana  line,  were  said  to  have 
caused  no  burning  of  their  cross  arms 
in  those  cases  where  the  wooden 
threads  about  the  top  of  the  central 
bolt  were  burned  through. 

Another  possible  trouble  with  iron 
pins,  is  that  by  their  greater  rate  of  ex- 
pansion than  glass  or  porcelain  they 
will  break  their  insulators.  Such  re- 
sults can  readily  be  avoided  by  ce- 
menting each  iron  pin  into  its  insu- 
lator, instead  of  screwing  the  insula- 
tor onto  the  pin  in  the  usual  way. 
Iron  pins  will,  no  doubt,  cost 
somewhat  more  than  those  of 
wood,  but  this  cost  will  in  any 
event  be  only  a  small  percent- 
age of  the  total  investment  in  a 
transmission  line.  Considering  the 
cost  of  the  renewals  of  wooden  pins, 
there  seems  little  doubt  that  on  a  line 
where  the  voltage  and  other  condi- 
tions are  such  as  to  result  in  the  fre- 
quent burning,  iron  pins  would  be 
cheaper  in  the  end. 

Iron  pins  have  already  been 
adopted  on  a  number  of  high-voltage 
lines.  Not  only  iron  pins  but  even 
iron  cross  arms  and  iron  poles  are  in 
use  on  a  number  of  transmission 
lines  in  Europe.  On  a  long  line  now 
under  construction  in  Mexico,  it  is 
understood  that  iron  towers,  placed 
as  much  as  500  feet  apart,  are  used 
instead  of  wooden  poles,  and  both 
the  pins  and  cross  arms  are  also  of 
iron. 

The  Vancouver  Power  Company, 
Vancouver,  British  Columbia,  use  a 
pin  that  consists  of  a  steel  bolt  about 
12  inches  long  fitted  with  a  sleeve 
of  cast-iron  4^  inches  long  to  enter 
the  cross  arm,  and  a  lead  thread  to 
screw  into  the  insulator.  On  the  111- 
mile  line  of  the  Washington  Power 
Company,  of  Spokane,  which  was  de- 
signed to  operate  at  60,000  volts  and 
runs  to  the  Standard  and  Hecla  mines, 
a  pin,  consisting  of  a  steel  bar  i-g- 
inches  in  diameter,  with  a  cast  iron 
shank  21-16  inches  in-diameter  to 
cuter  the  cross  arm,  and  with  the 
lead  threads  for  the  insulator,  is 
used. 

The  network  of  transmission  lines 
between  Spier  Falls,  Schenectady, 
Albany  and  Troy,  N.  Y.,  is  mounted 
on  porcelain  insulators  supported  by 
iron  pins.  Each  of  these  pins  con- 
sists of  a  malleable  iron  casting  rest- 
ing on  the  cross  arm  and  carrying  the 
insulator  and  of  a  wrought-iron  or 
steel  bolt  that  passes  entirely  through 
the  cross  arm  and  enters  the  casting. 

Each  insulator  is  secured  to  the  cast 
top  of  the  pin  by  pure  Portland  ce- 
ment, which  is  poured  into  the  pin- 
hole in  a  liquid  state  while  the  pin  is 
held  in  a  central  position.     On  some 


other  lines  a  cement  made  of  litharge 
and  glycerine  is  said  to  have  been 
used  with  good  results. 

On  a  long  line  designed  for  60,000 
volts,  and  recently  completed  in  Cali- 
fornia, wooden  pins  are  used  with 
porcelain  insulators,  each    14    inches 


in    diameter    and 


12^    inches 


hieh. 


Each  of  these  pins  is  entirely  covered 
with  sheet  zinc  from  the  cross  arm  to 
the  threaded  end,  and  it  is  expected 
that  this  metal  covering  will  protect 
the  wood  of  the  pin  from  injury  by 
the  leakage  current. 


A   Belgian   Electric  Capstan 


STEAM  driven  capstans  as  well  as 
tJiose  operated  by  hydraulic 
power  are  now  being  replaced  in 
many  cases  by  electric  capstans,  on 
account  of  the  greater  economy  as 
well  as  the  greater  convenience  re- 
sulting from  their  use.  The  electric 
cables  supplying  the  necessary  power 
can  be  more  easily  installed  in  the 
yards  and  on  the  docks  where  cap- 
stans    are     usually     employed     than 


steam  or  water  pipes,  and  the  loss 
through  condensation  or  leakage 
with  these  latter  is  considerable, 
while  the  steam  engines  and  hydraulic 
motors  used  are  inferior  to  the  elec- 
tric motor  in  economy  of  operation  as 
well  as  cost  of  maintenance. 

The  accompanying  illustrations 
show  some  details  of  construction  of  a 
new  type  of  electric  capstan  installed 
by     the     Compagnie     Internationale 


FIG.     I. THE    CAPSTAN    EEING    TURNED    OVER    FOR    EXAMINATION 
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FIG.  2. — PLAN     AND   SECTIONAL   ELEVATION   OF   THE  CAPSTAN 


D'filectricite,  of  Liege,  Belgium,  at 
the  ports  of  Gand,  Brussels,  Ostende 
and  Zeebruge.  Fig.  5  shows  one  of 
the  direct-current  electric  motors 
used  for  the  operation  of  these  cap- 
stans, while  Fig.  4  shows  one  of  the 
capstans  mounted  at  one  of  the  docks. 
Fig.  1  shows  the  electric  motor,  con- 
troller and  capstan  partially  turned  on 


end  for  ease  of  inspection,  while  Fig. 
3  shows  the  apparatus  entirely  re- 
versed, making  the  underneath  parts 
easily  accessible.  Some  of  the  details 
of  the  capstan  are  fairly  shown  in  the 
plan  and  elevation  given  in  Fig.  2. 

The  motor  is  of  the  compound 
direct-current  enclosed  type,  of  22 
horse-power     capacity.     The     whole 


outfit  occupies  an  area  about  3^  feet 
wide  and  6^  feet  long,  and  is  con- 
trolled by  a  treadle  or  a  foot  pedal  as 
indicated.  The  motor  is  provided 
with  a  very  efficient  and  positive  elec- 
tric brake  which  can  bring  the  cap- 
stan to  rest  in  one-fifth  of  a  rotation. 
One  of  the  most  interesting  and  spe- 
cial features  of  constriction  of  the  de- 
vice is  its  mounting  on  a  horizontal 
axis,  which  allows  the  whole  machine 
to  be  rotated  through  180  degrees,  as 
shown  in  Figs.  1  and  3,  making  it 
very  convenient  for  examination  or 
for  the  renewal  of  any  of  the  parts  of 
the  motor,  controller  switch,  or  cap- 
stan mechanism.  The  capstans  are 
particularly  useful  in  railway  freight 
yards  as  well  as  on  docks.  Four  of 
these  capstans  have  been  installed  by 
the  "Administration  du  port  de  Ba- 
hia-Blanca"  of  the  Argentine  Repub- 
lic. 

The  operation  of  the  capstans  is 
very  simple.  The  current  is  switched 
on  by  the  handle  noted  in  Fig.  4  or 
the  wheel  shown  in  Fig.  2,  thus  sup- 
plying energy  to  the  controller,  which 
is  operated  by  the  foot  pedal.  Press- 
ing down  on  the  pedal  moves  the  con- 
troller, a  dashbot  insuring  the  slow 
starting  of  the  motor,  and  by  releas- 
ing the  foot  pedal  the  electrical  brake 
brings  the  capstan  to  rest  within  a 
fraction  of  a  revolution. 


4-6 


FIG.    3. — THE   CAPSTAN    COMPLETELY   REVERSED 


A    British-Built   Electric    Railway 
for   Canada 

THE  tender  of  Bruce  Peebles  & 
Co.,  Ltd.,  Edinburgh,  has  been 
accepted  for  an  electric  rail- 
way in  Canada.  This  is,  we  believe, 
the  first  electric  railway  with  a  plant 
entirely  of  British  manufacture  to  run 
in  Canada.  The  railway  runs  through 
an  agricultural  district,  the  first  por- 
tion of  which — 30  miles — extends 
from  London,  Ontario,  through  the 
city  of  St.  Thomas  to  Port  Stanley  on 
Lake  Erie.  As  soon  as  the  line  is 
energized  the  remaining  portion  from 
London  to  Hamilton  will  be  electrified 
on  the  same  system,  making  a  total 
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FIG.    4. A    SERVICE    VIEW    OF    ONE    OF    THE    CAPSTANS 


distance  of  160  miles.  The  Ganz  sys- 
tem has  been  adopted,  as  the  makers 
hold  that  the  guaranteed  figures  in 
comparing  continuous  current,  sin- 
gle-phase, and  three-phase  estimates 
show  a  saving  of  30  per  cent,  both  in 
first  cost  and  in  running  costs  in  the 
Ganz  three-phase  system.  The  power 
will  be  transmitted  at  10,000  volts,  25 
periods,  and  will  be  transformed  down 
to  1000  volts  for  the  motor-cars,  of 
which  there  are  ten,  each  motor  car 
being  designed  to  go  at  a  speed  of  30 
miles  an  hour  on  the  level  and  15 
miles  an  hour  up  grades  of  1  in  25. 
Each  car  holds  fifty  passengers,  and  is 
capable  of  hauling  either  a  freight  or 
passenger  trailer  in  addition.  The  line, 
says  "The  Engineer,"  is  built  partly 
across  private  right  of  way  and  partly 
across  public  roads,  as  is  the  case  with 
urban  railways  in  Canada  and  the 
United  States,  and  the  results 
in  practice  will  be  awaited  with 
considerable  interest,  as  the  line  is 
under  contract  to  be  completed  six 
months  from  date.  The  whole  of  the 
electrical  portion  of  the  plant  will  be 
of  British  manufacture,  built  at  Bruce 
Peebles  &  Co.'s  works  at  Edinburgh. 
The  amount  of  the  contract  is  £42,500. 


After  months  of  litigation  the  State 
Supreme  Court  of  Connecticut  has 
upheld  the  constitutionality  of  the  law 
providing  for  municipal  ownership  of 
lighting  plants  in  instances  where  the 
citizens  vote  to  purchase  an  existing 
private  corporation.  At  the  same  time 
the  court  decided  that  the  city  of  Nor- 
wich must  buy  the  Norwich  Gas  & 
Electric  Company  at  a  cost  of  $590,- 
000,  plus  the  value  of  supplies  on 
hand,  this  figure  having  been  made 
by  a  committee  on  appraisal,  or  must 
pay  the  company  $190,000  and  leave 
the  property  in  the  hands  of  the  bond- 
holders. The  amount  of  the  bonds  of 
the  company  is  $400,000,  secured  by 
a  mortgage.  The  value  of  the  sup- 
plies on  hand  is  about  $20,000. 


In  a  recent  number  of  "The  Car"  it 
is  announced  that  M.  Bellamy,  of 
Paris,  has  an  automobile  with  the 
most  powerful  engine  ever  put  on  a 
motor  car.  The  engine  is  165  horse- 
power, with  8  cylinders  and  3  forward 
speeds,  the  second  speed  being  geared 
for  80  miles  an  hour.  Last  year  it 
was  thought  phenomenal  to  put  100 
horse-power  engines  on  motor  cars. 


FIG.    5. THE   TYPE    OF    MOTOR    USED 

A   BELGIAN    ELECTRIC   CAPSTAN 


The  United  States  Navy  Depart- 
ment is  making  preparations,  it  is 
stated,  to  transfer  the  wireless  tele- 
graph school  for  enlisted  men  from 
Newport.  R,  I.,  to  the  Navy  Yard  nj 
New  York, 


Underground   Electric   C^ble   Records 


By  W.  E.  RUNDLE 


AN  engineer  of  an  electric  railway 
and  lighting"  company  in  one  of 
the  large  cities  who  was  recent- 
ly approached  with  a  view  to  induce 
that  company  to  purchase  a  license  to 
use  a  plan  for  graphically  recording 
its  installation  of  cables,  stated  that 
it  "does  not  need  any  such  plan  for 
this  purpose."  Shortly  afterwards  an 
investigation  was  made,  during  which 
a  considerable  amount  of  cable  was 
found  deadened  either  at  one  or  both 
ends.  Of  the  copper  in  this  cable, 
about  10  per  cent,  were  fit  only  for 
scrap,  but  90  per  cent,  were  not  only 
ready  for  use  but  were  also  actually 
necessary  to  save  a  considerable  loss 
in  energy  which  had  been  and  was  then 
taking  place,  and  their  money  value, 
leaving  out  of  consideration  any  sav- 
ing in  power  which  would  result  from 
having  the  cable  properly  connected 
up,  represented  an  investment  of  about 
$7000.  The  annual  interest  upon  this 
alone,  at  5  per  cent.,  amounted  to  $350 
a  year. 

With  the  present  frequent  changes 
in  ownership  or  control  of  electric 
plants,  comprehensive  and  accurate 
underground  cable  records  become  of 
increasing  value.  This  is  emphasized 
by  the  still  more  frequent  changes 
which  occur  in  the  personnel  of  the  en- 
gineering staffs  of  operating  compa- 
nies. Railway  and  lighting  plants  in 
large  cities  are  growing  rapidly,  and 
owing  to  the  replacement  of  overhead 
circuits  by  underground  cables,  under- 
ground cable  systems  are  growing 
even  more  rapidly  than  generating 
plants. 

When  an  engineer  takes  over  the 
charge  of  a  more  or  less  complicated 
system  with  which  he  is  not  familiar, — ■ 
especially  an  underground  cable  sys- 
tem,— it  is  impossible  for  him  to  obtain 
an  accurate  idea  of  the  state  of  affairs 
as  they  then  exist,  without  an  expendi- 
ture of  considerable  time  and  money, 
unless  accurate  records  have  been  filed 
by  his  predecessors. 

In  the  case  of  the  companv  referred 
to  above,  the  value  of  the  dead-ended 
cables  involved  only  the  taking  into 
consideration  of  a  small  portion  of  the 
investment  in  copper,  yet  the  loss  in 
interest  for  one  year  upon  the  copper 
found  was  several  times  the  cost  of  a 
license  giving  the  company  the  risht 
to  use  a   graphic   record   system  by 


which  it  would  have  been  impossible 
to  overlook  the  dead-ended  cables. 
Such  a  plan  has  been  adopted  by  sev- 
eral of  the  largest  railway  and  light- 
ing systems  with  underground  cable 
installations,  and  is  working  to-day  to 
their  entire  satisfaction. 

The  cable  installation  recording  sys- 
tems which  are  used  perhaps  more  fre- 
quently than  any  others  have  usually 
comprised  a  file  of  manhole  drawings 
or  of  card  records.  One  of  the  larg- 
est electric  railway  companies  in  the 
country  employs  a  comprehensive 
manhole  drawing,  showing  the  ar- 
rangement of  ducts,  the  arrangement 
of  cable  hangers,  the  location  of  the 
cables  in  the  ducts,  the  date  on  which 
the  duct  is  rodded  and  wired,  the  date 
when  the  cable  is  installed  in  the  duct, 
the  number  of  the  reel  on  which  the 
cable  is  delivered,  the  length  of  cable 
installed  to  next  manhole,  the  name  of 
the  jointer,  the  date  of  the  joint,  the 
kind  of  cable,  if  other  than  paper,  the 
position  of  joints  in  the  manhole  and 
the  position  of  the  ducts.  Another 
large  electric  railway  company  keeps 
most  of  such  information  on  typewrit- 
ten cards. 

This  information  is  shown  on  a 
drawing  or  on  a  card  for  each  man- 
hole through  the  entire  system.  Such 
records  are  good  and  are  of  great  as- 
sistance. But  these  systems  give  data 
concerning  only  a  single  manhole,  and 
in  order  to  get  the  information  desired, 
it  may  be  necessary  to  examine  succes- 
sive drawings  or  cards,  possibly  of  the 
whole  system,  comprising  perhaps  two 
or  three  hundred  manholes,  and,  there- 
fore, two  or  three  hundred  drawings 
or  cards.  Some  form  of  record, 
preferably  a  graphic  one,  supplement- 
ing present  records,  giving  the  re- 
quired data,  for  a  block,  a  street,  or 
for  the  entire  system,  is  therefore  ob- 
viously necessary  and  valuable. 

The  chart  printed  on  the  supplement 
sheet  accompanying  this  issue  gives  in 
concise  and  complete  form  the  follow- 
ing information : — A  key  map  of  the 
cable  layout ;  the  symbols  used  in  the 
chart ;  the  number  of  cables  leaving 
the  power  house,  together  with,  their 
size,  etc. ;  the  duct  which  each  particu- 
lar cable  occupies  in  each  manhole 
throughout  the  entire  length  of  the 
cable ;  the  ducts  unoccupied  and  the 
ducts  occupied,  and  by  what  kind  of 


cables.  These  last  two  items  may  be 
shown  over  any  or  all  manholes  de- 
sired, but  should  at  least  be  shown  over 
all  manholes  where  cables  leave  power 
house  or  sub-station,  or  where  a  cable 
or  cables  diverge  from  a  main  group 
to  another  street  or  line. 

The  chart  further  indicates  what 
cable  has  been  ordered,  but  not  for- 
warded;  cable  in  town,  but  not  laid; 
cable  drawn  into  duct,  with  the  num- 
ber of  the  reel,  the  month,  day  and 
year,  and  the  name  of  the  foreman  of 
the  men  drawing  the  cable  into  the 
duct ;  where  two  cables  are  in  one 
duct ;  the  number  of  manhole  or  name 
of  cross  street ;  the  diameter  of  the 
manholes ;  distances  between  man- 
holes; cable  jointed,  with  month,  day 
and  year  of  the  joint,  and  also  name  of 
jointer;  switch  pillars;  pillars  without 
caps  ;  switch  pillars  with  caps,  together 
with  date  put  on  and  name  of  man  do- 
ing the  work ;  and  duct  length  or 
length  of  cable  drawn  into  pillar. 

Columns  giving  thickness  of  wall 
and  character  of  insulation,  the  date 
on  which  specifications  were  issued 
and  tenders  were  received,  the  date  of 
contract,  the  name  of  the  maker  and 
desired  additional  like  data  may  be 
placed  on  the  left-hand  side  of  the 
chart  before  the  column  "No.  of 
Cable." 

In  the  chart,  the  lines  showing  cable 
installation  in  various  stages  are  all 
shown  in  black,  as  either  solid  or  dot- 
ted lines.  The  locations  of  cables  in 
ducts  and  the  distances  between  man- 
holes should  be  in  red.  For  installa- 
tion purposes,  all  cable  ordered,  but 
not  forwarded,  and  all  cable  in  town, 
not  laid,  should  be  in  red  also.  The 
status  of  all  installation  work  is  thus 
readily  discernible. 

The  chart  shows  an  actual  installa- 
tion of  the  underground  cable  system 
of  an  electric  railway  company  abroad. 
It  will  be  noted,  however,  that  cable 
No.  1  is  the  only  cable  completed  upon 
the  chart ;  the  others  are  shown  in  va- 
rious stages  of  installation.  Sixteen 
cables  in  all  are  indicated  as  running 
from  the  power  house  through  man- 
holes Nos.  504  to  507. 

From  manhole  No.  507  there  are 
two  branches,  as  indicated  in  the  key 
in  the  lower  right-hand  corner  of  the 
chart.  The  first  of  these  branches 
rims    through    Renfield    street    from 
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manhole  No.  507  to  manhole  No.  514, 
where  it  again  branches,  one  line  run- 
ning through  New  City  Road  (514  to 
200,  201,  etc.),  and  the  other  through 
Court  street  (514  to  100,  101,  etc.). 
The  second  of  the  main  branches  runs 
through  Great  Western  Road  (507  to 
800,  etc.). 

For  laying  out  new  cables,  the  form 
of  chart  illustrated,  showing  through- 
out the  whole  system  from  power 
house  to  termination,  each  and  every 
change  in  the  location  of  each  cable  in 
the  ducts  in  each  manhole,  the  ducts 
unoccupied  in  each  manhole,  the  kinds 
of  cable  (i.  e.,  low  potential,  high  po- 
tential, telegraph,  telephone,  etc.)  in 
the  ducts  occupied  in  each  manhole,  is 
of  great  value  and  saves  much  time  in 
frequently  going  over  the  large  num- 
ber of  drawings  or  cards  heretofore 
employed  and  the  assemblage  of  the 
data  thus  obtained,  as  well  as  avoiding 
mistakes  in  wrongly  locating  new 
cables.  It  is  not  expected  that  an  en- 
gineer would  knowingly  locate  a  tele- 
phone cable  in  a  duct  adjoining  an- 
other containing  a  railway  cable  of 
1 1,000  volts,  yet  this  may  happen  in 
locating  such  a  cable  of  considerable 
length  without  the  use  of  this  chart, 
notwithstanding  the  assemblage  of 
data  from  individual  manhole  draw- 
ings or  cards. 

By  this  system  of  record,  a  work- 
man to  repair  a  cable  or  change  the 
location  of  certain  cables  does  not  re- 
quire a  drawing  of  any  kind,  designat- 
ing the  number  or 
■  location  of  the  cable 
or  cables  to  be  re- 
paired or  location  to 
be  changed,  but  can 
be  instructed  imme- 
diately and  definite- 
ly by  reference  to 
this  chart;  a  cable 
a  manhole  represented 
as  in  Fig.  1  on  this 
in  the  bottom  row, 
center  duct. 

Where  feeders  are  taken  off  a  three- 
conductor  cable,  for  example,  they  are 
designated  a,  b,  c,  etc.  If,  therefore, 
a  three-conductor  cable  leaving  the 
power  house  be  No.  7,  the  first  feeder 
taken  off  becomes  No.  7  a,  from  that 
point;  the  second,  No.  7  b;  the  third, 
No.  7  c,  etc. 

■A  notable  feature  of  this  chart  is 
that  by  its  use  a  jointer  who  makes  de- 
fective cable  joints  is  readily  detected, 
as  on  this  chart  a  continuous  record  is 
kept  of  all  joints  made.  If  this  record 
be  kept  by  card  or  drawing,  such  a 
jointer's  name  may  appear  "for  some 
time  on  several  cards  or  drawings  un- 
noticed. 

This  form  of  chart  permits  of  great 
flexibility  and  can  be  adapted  to  record 
information  additional  to  that  shown, 
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and  cover  practically  any  electric  rail- 
way or  lighting  system.  Charts  may 
be  made  of  any  size  of  cross  section, 
width,  or  length  desired.  The  data 
above  enumerated  are  reproduced  on 
the  chart  accompanying  this  article,  in- 
cluding the  key,  within  a  space  10  x  16 
inches,  and  in  it  are  graphically  shown 
32  manholes  and  63,000  feet  of  cable. 
It  is,  therefore,  apparent  that  most  of 
the  underground  cable  systems  of  the 
largest  railway  and  lighting  companies 


could  be  shown  by  this  chart  in  the 
form  of  a  wall  map  not  longer  than 
seven  or  eight  feet. 

The  Interborough  Rapid  Transit 
Company,  of  the  city  of  New  York, 
uses  this  style  of  chart  in  the  shape  of 
a  continuous  map  of  its  system.  It  is 
mounted  upon  rollers,  within  a  glass 
case.  The  company's  ducts  are  all  lo- 
cated in  the  walls  of  the  subway  tun- 
nel, 32  ducts  high  and  2  ducts  wide, 
and  instead  of  using  a  cross  section  of 
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the  ducts  over  manholes,  it  numbers 
the  ducts  (squares)  vertically,  placing 
even-numbered  ducts  at  the  top  of  the 
chart  and  odd-numbered  ducts  at  the 
bottom,  and  opposite  each  numbered 


pany  of  importance  in  this  country 
which  installs  underground  cables.  It 
has  also  been  adopted  by  some  of  the 
largest  railway  companies  in  New 
York    City,    London,    and    Baltimore, 
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duct  draws  in  from  time  to  time,  be- 
tween manholes,  the  cable  installed  in 
that  duct,  using  red  ink  to  designate  a 
high-potential  feeder,  blue  ink  to 
designate  a  direct-current  feeder,  yel- 
low ink  to  designate  a  lighting  cable, 
green  ink  to  designate  a  telephone 
cable,  and  brown  ink  to  designate  a  tie- 
line  cable.  Fig  4  will  help  to  explain 
this. 

As  the  ducts  are  threaded,  the  in- 
spector of  each  section  of  the  subway 
daily  turns  in  to  the  chief  inspector  of 
cables  the  form  of  report  shown  in  Fig. 

2,  which  information  is  put  upon  the 
chart  in  dotted  black  pencil  lines. 

As  the  cables  are  installed,  the  cable 
inspector  of  each  section  of  the  subway 
turns  in  daily  to  the  chief  inspector  of 
cables  the  form  of  report  shown  in  Fig. 

3,  which  information  is  put  upon  the 
chart  in  full  black  pencil  lines.  As 
cables  are  spliced,  the  inspector  of  each 
section  of  the  subway  turns  in  daily 
the  form  of  report  shown  in  Fig.  5  to 
the  chief  inspector  of  cables,  which  in- 
formation is  also  entered  upon  the 
chart.  When  these  records  are  checked 
by  like  information  furnished  by  the 
company  installing  the  cable,  in  the 
shape  of  bills  for  payment,  the  lines 
are  inked  in  in  the  color  designating 
the  kind  of  cable  installed. 

Companies  using  this  chart  whose 
systems  change  considerably  or  fre- 
quently, however,  will  find  it  more  con- 
venient to  keep  such  a  record  in  book 
form  of  cross  section  paper  of  the  sec- 
tion desired,  of  a  size  about  15  by  18 
inches,  leaving  sufficient  space  under- 
neath each  cable  to  record,  if  neces- 
sary, several  lengths  which  may  be 
burned  out,  replaced,  etc.,  and  continu- 
ing the  system  on  successive  pages. 
The  Niagara  Falls  Power  Company 
keeps  its  cable  installation  record  in 
such  form. 

The  form  of  chart  here  illustrated 
has  been  adopted  by  every  cable  com- 


and  by  several  lighting  and  power 
companies.  It  lias  been  patented  by 
the  writer. 


A  peculiar    accident    happened  re- 
cently to  the  electric  plant  of  the  city 


Electricity  on  a  Modern   Atlantic 
Steamship 

THE  new  White  Star  Liner 
"Baltic,"  according  to  the 
"Scientific  American,"  is  prob- 
ably better  equipped  electrically 
than  any  other  boat  either  afloat 
or  building.  In  addition  to  the 
usual  electrical  appliances  to  be  found 
on  board  present-day  ocean  liners,  the 
"Baltic"  is  equipped  with  an  electri- 
cal device  for  preventing-  collisions 
with  other  vessels.  The  moment  an- 
other ship  enters  the  "magnetic  field" 
of  the  "Baltic"  the  needle  of  the  indi- 
cating instrument  points  in  the  direc- 
tion of  the  vessel  approaching  or  be- 
ing overtaken,  and  the  steersman 
knows  at  once  what  course  to  take. 
Even  the  rhythmic  beats  of  an  unseen 
steamer's  screws  are  registered  by 
means  of  this  delicate  apparatus.  An- 
other safeguard  is  an  electrical  con- 
trivance to  show  if  the  ship's  lights 
are  burning  properly.  An  electric  log 
for  ascertaining  the  speed  of  the  ship 
is  another  acquisition,  and  an  electric 
lead  for  ascertaining  the  depth  of  the 
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of  Brantford,  Ont.  It  appears  that 
muskrats  burrowed  through  the  em- 
bankment skirting  Lake  Mohawk, 
whence  the  electric  plant  obtains  its 
power,  causing  a  large  breach,  which 
put  the  plant  out  of  business. 


water  is  also  on  the  list.  There  is, 
further,  an  electric  device  for  regis- 
tering all  signals,  including  steam  sir- 
ens. The  "Baltic"  is  equipped  with 
electric  refrigerating,  as  well  as  elec- 
tric cooking  apparatus. 
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Sixty  Years  of  the  Telegraph 

SIXTY  years  ago,  on  the  twenty- 
seventh  day  of  May,  the  his- 
toric message,  "What  hath  God 
wrought?"  was  sent  hy  telegraph 
from  Washington  to  Baltimore,  over 
an  experimental  line  between  those 
cities.  This  was  the  first  telegraph 
message  sent  over  a  wire  in  this 
country.  It  is  proposed  to  give 
recognition  to  this  fact,  and  among 
other  ways  it  is  understood  the 
Postal  Telegraph-Cable  Company  will 
have  a  large  family  reunion  in  New 
York  to  celebrate  fittingly  the  occa- 
sion. The  historic  message  referred 
to  was  indited  by  Miss  Annie  Ells- 
worth, daughter  of  the  Commissioner 
of  Patents,  at  the  request  of  Professor 
Morse  in  fulfillment  of  a  promise 
made  by  him  to  Miss  Ellsworth  when 
she  brought  to  him  the  unexpected, 
but  exceedingly  grateful,  news  that 
Congress  had  at  last  passed  the  bill 
appropriating  $30,000  for  the  erection 
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of  the  experimental  line  over  which 
the  message  in  question  was  trans- 
mitted. 

The  fact  that  a  message  had  been 
thus  transmitted,  however,  did  not 
mean  that  telegraphy  was  now  an  as- 
sured success.  The  instruments  em- 
ployed at  the  time  were,  of  course, 
very  crude.  The  Morse  relay  at  first 
used  weighed  150  pounds.  The 
Morse  relay  of  to-day  weighs  less  than 
3  pounds.  The  key  then  used,  which 
Morse  called  the  "correspondent,"  was 
also  a  clumsy  device  compared 
with  the  modern  telegraph  key.  The 
battery  employed  consisted  of  100 
Grove  cells,  which  required  renewal 
every  three  days.  The  messages  were 
received  by  a  large  register  which  em- 
bossed the  record  on  a  paper  strip. 

To  say  also  that  the  first  message 
was  transmitted  on  the  27th  of  May, 
1844,  does  not  mean  that  the  line  was 
then  ready  for  business.  In  fact, 
nearly  a  year  was  spent  thereafter  in 
experimenting  before  the  line  was 
thought  to  be  ready  for  service.  For 
that  matter,  the  public  was  not  then 
ready  for  the  telegraph,  in  evidence  of 
which  it  may  be  stated  that  on  the  day 
the  line  was  thrown  open  to  the  pub- 
lic, namely,  April  1,  1845,  and  f°r  f°ur 
days  afterward,  not  one  message  was 
offered  for  transmission.  The  tariff 
fixed  by  the  Postmaster-General  was 
1  cent  for  every  four  letters  or  fig- 
ures. From  April  5  to  April  9  the 
gross  receipts  of  the  line  were  $3.08-^. 
Morse  offered  the  line  and  its  equip- 
ment to  the  Government  for  $100,000, 
but  the  offer  was  declined,  which  ulti- 
mately proved  to  be  a  fortunate  thing 
for  Morse  and  his  colleagues  from  a 
pecuniary  standpoint. 

The  system  which  had  so  small  a 
beginning  has  in  the  sixty  years  since 
passed  grown  to  such  proportions  that 
more  than  ninety  millions  of  tele- 
grams were  transmitted  on  over  one 


million  miles  of  telegraph  wire  during 
the  year  1903  in  the  United  States 
alone,  notwithstanding  the  amazing 
growth  in  recent  years  of  the  tele- 
phone— that  sturdy  rival  of  the  tele- 
graph, which  already  has  in  use  three 
times  as  much  wire  mileage  as  is  em- 
ployed in  the  American  telegraph  ser- 
vice. Pages  of  eloquence  will  doubt- 
less be  employed  in  the  forthcoming 
weeks  in  descanting  upon  the  benefits 
of  the  telegraph  to  the  world  and  its 
commerce,  but  it  will  perhaps  be  diffi- 
cult to  improve  upon  the  simple  and 
prophetic  language  contained  in  a  re- 
port of  the  Committee  on  Commerce 
of  the  House  of  Representatives 
(April  6,  1838),  which  committee  had 
investigated  the  claims  of  Morse  for 
his  telegraph  system. 

"It  is  obvious,"  said  the  committee, 
"that  the  influence  of  this  invention 
over  the  political,  commercial  and  so- 
cial relations  of  the  people  of  this 
widely  extended  country,  looking  to 
nothing  beyond,  will,  in  the  event  of 
success,  of  itself  amount  to  a  revolu- 
tion unsurpassed  in  moral  grandeur 
by  any  discovery  that  has  been  made 
in  the  arts  and  sciences,  from  the  most 
distant  period  to  which  authentic  his- 
tory extends  to  the  present  day." 


High  Electric  Railway  Speed 
Problems 

THE  successful  high-speed  elec- 
tric train  service  obtained  in 
Germany  and  in  this  country, 
and  the  invasion  of  the  steam  rail- 
road's special  field  of  interurban  ser- 
vice by  the  electric  train,  have  brought 
electrical  engineers  face  to  face  with 
some  problems  of  a  nature  somewhat 
peculiar.  In  invading  the  field  of  in- 
terurban traction,  the  high  speeds  at- 
tained have  not  heretofore  been  so 
great    as    to    question    seriously    the 
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limits  of  the  work.  Rapid  transit  ser- 
vice has  come  to  stay,  and  to  compete 
with  any  other  motive  power,  elec- 
tricity must  increase  rather  than  de- 
crease the  speed  limit.  Up  to  thirty 
miles  an  hour  there  are  few  of  the  im- 
portant problems  that  make  high 
speed  a  difficult  question  to  consider 
But  in  the  recent  experiments  with 
electric  cars  running  sixty,  eighty, 
and  even  a  hundred  miles  an  hour,  en- 
tirely new  engineering  problems  have 
presented  themselves. 

One  of  these  is  the  question  of  wind 
resistance.  This  becomes  so  import- 
ant when  the  cars  are  running  seven- 
ty-five miles  an  hour  that  it  is  likely 
to  change  the  character  of  the  service 
from  single  units  to  trains  composed 
of  several  cars.  Electric  traction  in 
cities  and  the  suburbs  has  been  su- 
perior to  steam  lines,  partly  because 
of  the  convenience  afforded  the  pub- 
lic by  single  cars  running  at  frequent 
intervals.  But  it  is  doubtful  if  this 
system  can  be  adopted  on  high-speed 
roads.  The  wind  resistance  imposes 
such  a  heavy  drag  upon  cars  running 
above  seventy  miles  an  hour  that  the 
cost  of  operating  them  would  quickly 
mount  up  to  prohibitive  figures. 

The  single  car  at  high  speed  is 
handicapped.  Two  such  cars  running 
separately  at  short  intervals  require 
far  more  power  to  overcome  the  wind 
resistance  than  if  the  two  were  run 
together.  Experiments  have  defi- 
nitely shown  that  it  requires  much 
more  power  per  ton  to  operate  the 
single  car  than  it  does  a  train  of  sev- 
eral cars.  The  difference  increases  in 
proportion  to  the  increase  of  the 
speed  of  the  train.  Thus  at  a  speed  of 
seventy-five  miles  per  hour,  it  was 
found  on  the  Buffalo  &  Lockport  elec- 
tric line  of  the  International  Railway 
Company,  47  watt-hours  per  ton  per 
mile  were  required  to  run  a  train  at 
this  speed;  but  when  single  cars  were 
operated  the  consumption  of  energy 
quickly  mounted  up  to  137  watt-hours 
per  ton  per  mile. 

This  enormous  increase  of  energy 
to  operate  the  single  cars  owing  to  the 
wind  resistance  must  of  necessity  in- 
fluence the  future  operation  of  high- 
speed electric  railroad  lines.  Further 
experiments  showed  that  this  differ- 
ence rapidly  increased  as  the  speed 
reached  eighty  and  ninety  miles  per 
hour.  Figuring  upon  this  proportion- 
ate increase  of  power  at  a  speed  of  one 
hundred  miles  per  hour,  the  amount 
of  power  required  to  operate  the  sin- 
gle car  system  would  be  more  than 
four  times  as  great  per  ton  per  mile 
than  that  needed  for  running  trains. 

The  reason  for  this  is  easily  under- 
stood. The  wind  resistance  attacks 
the  first  car,  which  must  open  a  path- 
way through  the  rur,  and  then  set  in 


motion  the  whole  bank  of  air  ahead. 
The  difficulty  of  doing  this  at  a  speed 
greater  than  forty  miles  an  hour  is 
so  great  that  half  the  expenditure  of 
power  is  required  for  overcoming  air 
resistance  alone.  The  cost  of  operat- 
ing high-speed  trains  and  cars  is  thus 
used  up  chiefly  in  overcoming  air  in- 
ertia. The  second  car  of  a  train  does 
not  have  to  set  the  air  ahead  in  mo- 
tion, and  the  only  resistance  it  must 
overcome  is  what  is  called  sliding 
friction.  This  grows  proportionately 
greater  as  the  speed  of  the  train  in- 
creases, but  it  never  assumes  such  im- 
portance as  the  cutting  through  of  the 
air  at  first. 

In  further  investigations  made  with 
high-speed  electric  cars  it  was  found 
that  a  train  of  six  or  seven  cars 
coupled  together  could  be  operated 
at  less  expenditure  of  power  than  one 
of  two  or  three.  Up  to  a  certain 
point  the  longer  the  train  the  greater 
was  the  economy  of  operation  at  any 
speed    above    sixty    miles    an    hour. 

The  express  electric  service  of  the 
future  must  be  speedy,  clean  and  eco- 
nomical. To  accomplish  this,  special 
tracks  must  be  constructed  for  the  ex- 
press trains.  The  slower  trains  and 
freights  must  eventually  use  separate 
tracks,  and  the  two  services  be  kept 
entirely  distinct.  This  is  particularly 
manifest  when  the  difference  between 
the  road  beds  of  a  steam  railroad  and 
an  electric  road  is  considered.  The 
electric  line  cannot  select  a  straight 
route,  but  it  must  wind  around  to  ac- 
commodate the  public.  Even  the  ex- 
press track  must  have  many  curves, 
and  some  of  them  will  be  too  sharp 
for  high-speed  trains  unless  special 
provision  is  made. 

This  brings  up  another  question  of 
limiting  the  speed  of  electric  trains. 
If  curves  are  of  necessity  a  part  and 
parcel  of  the  modern  high-speed  ser- 
vice, the  matter  of  laying  down  the 
raiis  on  an  entirely  different  plan  from 
that  followed  by  the  steam  lines  is 
quite  urgent.  The  elevation  of  the 
outside  rail  on  curves  is  in  reality  a 
simple  matter,  which  can  be  reduced 
to  a  mathematical  certainty.  With 
proper  elevation  of  the  outside  rail  a 
speed  of  almost  any  degree  can  be 
accommodated.  A  train  can  run 
around  a  sharp  curve  at  sixty  miles 
an  hour  if  the  curve  begins  with  a 
single  degree  and  gradually  increases 
to  a  maximum  of  five,  ten  and  fifteen 
degrees,  provided  the  outside  rail  is 
elevated  so  that  the- pull  of  gravity 
toward  the  inside  of  the  curve  bal- 
ances the  centrifugal  outside  pull. 

The  superelevation  of  the  outside 
rail  in  curves  is  a  subject  that  must  be 
considered  in  constructing  high-speed 
electric  lines  of  the  future,  and  it  is 
possible  on  sharp  curves  to  carry  the 


track  eight  or  more  inches  above  the 
inside  rail.  The  difficulty  about  such 
an  extreme  superelevation  of  the  out- 
side rail  is  that  ordinary  freight  and 
slow  passenger  trains  could  not  use 
the  track  without  inviting  some 
danger  of  toppling  over.  Any  train 
running  at  a  high  speea  could  round 
the  sharp  curves  without  discomfort 
to  the  passengers,  but  a  slow  train 
might  prove  unequal  to  the  task.  Con- 
sequently, slow  trains  would  have  to 
be  kept  off  the  curves,  and  the  ex- 
press trains  could  not  be  stopped  on 
them.  The  line  would  have  to  be  so 
carefully  controlled  that  delays  should 
never  happen  at  the  curves.  Probably 
the  separation  of  the  express  service 
from  the  freight  and  local  service 
might,  after  all,  prove  the  most  satis- 
factory in  many  ways  in  the  end. 
There  would  be  fewer  accidents,  and 
there  would  be  an  economy  in  opera- 
tion. 


The  Cost  of  Walter  in  Large 
Electric  Power  Stations 

AN  item  which  might  be  thought 
to  have  been  strangely  ignored 
in  the  study  of  economies  in 
large  modern  central  steam-driven 
electric  stations  of  40,000  H.  P.  and 
more,  is  the  cost  of  water.  In  most 
of  the  newer  plants,  even  where  sur- 
face condensers  are  employed  in  place 
of  the  latterly  more  popular  jet  con- 
densers, the  water  of  condensation  is 
not  used  as  feed-water,  but  is  allowed 
to  go  to  waste.  With  a  fair  average 
cost  of  water  from  a  city  supply  and 
corresponding  cost  of  coal  and  evap- 
orative power,  the  cost  of  the  water 
has  been  figured  out  to  be  a  little  over 
10  per  cent,  of  the  cost  of  coal,  and 
in  the  case  of  even  a  moderately  large 
station  this  makes  a  tidy  sum  in  the 
course  of  a  year.  In  one  large  station 
recently  completed,  with  a  100,000- 
H.  P.  boiler  plant,  the  water  bill  has 
been  estimated  as  likely  to  be  in  the 
neighborhood  of  $80,000  per  annum. 
The  answer  to  the  question  why  in 
these  days  of  fine  economies  such  a 
waste  is  permitted,  is  generally  found 
in  the  expressed  fear  of  oil  being  car- 
ried into  the  boilers  with  the  con- 
densed steam,  and  that  thus  far  no  sat- 
isfactory guarantee  has  been  available 
that  such  condensed  steam  can  be 
used  over  and  over  again  without  risk 
of  boiler  damage.  The  extent  to 
which  such  fear  is  justified  is  not  very 
clearly  defined,  but  it  might  very 
properly  be  said  that  there  ought  to 
be  no  reason  at  all  for  its  existence. 
Receivers,  separators  and  filters  for 
the  condensed  steam  ought  to  admit 
of  such  combination  and  efficiency 
that  they  would  be  profitable  invest- 
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ments  in  the  value  of  water  saved. 
Many  small  power  plants  certainly 
are  known  to  save  their  exhaust 
steam,  and  are  apparently  having  no 
trouble. 

One  argument  that  has  been  made 
in  favor  of  wasting  the  exhaust  steam 
in  a  large  plant  is  that  through  it  the 
construction  and  operation  of  the 
plant  are  simplified  to  a  very  consid- 
erable extent — that,  in  other  words, 
the  probable  net  saving  in  using  the 
condensed  steam  over  again  would  be 
so  small  as  to  make  the  installation 
and  operation  of  any  system  of  water- 
purifying  apparatus  an  unwarranted 
expense.  In  a  relatively  small  station 
of  only  a  few  thousand  horse-power,  it 
it  maintained,  it  is  possible,  and  it  is 
probably  good  engineering,  to  go  into 
all  these  refinements  which  promise  to 
improve  station  economy;  but  when  a 
station  reaches  20,000  H.  P.  and 
more,  it  has  been  thought  that  the  en- 
gineers in  charge  should  have  the  sim- 
plest possible  kind  of  station  to  oper- 
ate, and  a  station  of  that  size,  built  so 
that  there  is  no  likelihood  that  oil  will 
reach  the  boilers,  will  be  better  oper- 
ated than  the  one  with  the  greater 
complication  of  machinery. 


Underground  Conduits  and 
Electric  Ca.bles 

FOURTEEN  or  fifteen  years  ago 
the  matter  of  placing  in  under- 
ground conduits  all  the  over- 
head wires  that,  with  their  supporting 
poles  and  cross-arms,  were  disfiguring 
the  thoroughfares  of  many  large  cities, 
was  a  very  vexed  question,  and  in  no 
other  place  was  the  matter  so  hotly 
contested  as  in  the  city  of  New  York. 
In  fact,  it  may  be  said  that  it  was  there 
that  the  battle  was  fought  and  won  for 
underground  conduits  and  cables.  The 
chief  opponent  to  placing  the  electrical 
wires  underground  in  that  city  was 
one  of  the  electric  lighting  companies, 
but  that  company  doubtless  repre- 
sented and  was  backed  by  other  elec- 
trical companies  more  or  less  equally 
interested  from  a  financial  standpoint. 
It  is,  perhaps,  not  to  be  wondered  at 
that  these  interests,  especially  the  elec- 
tric lighting  interests,  were  opposed  to 
placing  their  circuits  in  cables  under- 
ground, since  it  meant  an  enormous 
outlay  for  the  purchase  of  cables  to 
displace  tne  overhead  wires,  and  at  the 
time  in  question  the  electric  light  com- 
panies were  fighting  for  every  inch  of 
ground  gained  from  their  principal 
competitors,  the  gas  companies,  and 
were  at  best  not  earning  any  too  large 
dividends  to  suit  their  stockholders. 
Besides,  not  only  was  there  to  be  con- 
sidered fr"  the  electrical  interests  the 
first  cost  of  underground  cables  and 


the  sending  of  their  overhead  circuits 
to  the  junk  pile,  but  there  was  also  the 
annual  rental  for  the  ducts  in  which 
the  cables  were  to  be  placed  in  the 
subways,  the  cost  of  which  was  about 
$900  per  mile  per  annum  for  a  three- 
inch  duct.  The  use  of  the  streets  for 
poles  and  wires  had  cost  nothing.  The 
disfigurement  of  the  streets  by  the 
poles  and  wires  was,  however,  so  pro- 
nounced, and  the  fatalities  due  to  con- 
tact directly  or  indirectly  with  the 
overhead  wires  were  so  frequent  and 
at  times  so  abhorrent,  that  public  opin- 
ion almost  unanimously  supported  the 
authorities  in  this  action  in  compell- 
ing the  placing  of  the  wires  under- 
ground, and  ultimately  the  electrical 
companies  yielded  to  the  inevitable. 
The  alternative  was  to  go  out  of  busi- 
ness, as  the  civic  authorities,  after 
many  delays  and  warnings,  finally  cut 
down  the  poles  and  removed  the  wires 
from  the  streets. 

Notwithstanding  the  expense  in- 
curred in  operating  electrical  circuits 
underground  there  were  many  com- 
pensating advantages,  chief  of  which 
was  reliability  of  operation.  With  the 
overhead  circuits  there  was  never  a 
storm,  and,  more  particularly,  never  a 
sleet  storm  or  a  "blizzard,"  during  and 
for  days  after  which  the  city  streets 
were  not  plunged  in  darkness,  and  as 
a  result  of  which  hundreds  of  miles 
of  overhead  wires  were  not  completely 
crippled.  Lightning  storms  also  played 
havoc  with  the  apparatus  in  the  power 
houses,  so  that  the  approach  of  a  se- 
vere storm  by  night  or  by  day  was  a 
signal  to  those  responsible  for  the  op- 
eration of  the  circuits,  wherever  they 
might  be,  to  prepare  for  the  troubles 
which  experience  had  shown  was  upon 
them.  All  this  was  changed  with  the 
burying* of  the  wires,  so  that,  apart 
from  an  occasional  defect  in  an  under- 
ground cable,  the  circuits  operate  un- 
interruptedly, day  in  and  day  out, 
totally  regardless  of  weather  condi- 
tions. Another  frequent  cause  of  seri- 
ous delays  in  the  operation  of  over- 
head wires  in  cities  was  the  occur- 
rence of  fires,  which  very  often  neces- 
sitated the  cutting-  of  the  wires.  In 
contrast  with  this  it  may  be  noted  that 
in  the  recent  great  fire  in  Baltimore 
the  cables  in  the  subways  were  quite 
uninjured,  and  a  number  of  the 
through  circuits  in  the  conduits  there 
have  operated  continuously,  notwith- 
standing that  tons  of  red-hot  bricks 
were  a  few  feet  above  them.  In  such  a 
fire  the  poles  and  wires  of  an  over- 
head system  would  have  been  utterly 
dcstroved. 


Recent  experiments  are  understood 
to  have  demonstrated  that  the  cause  of 
thunder  is  to  be  found  in  the  dissocia- 
tion of  water  vapor. 


The  General  Electric  Company 

THE  annual  report  of  the  directors 
of  the  General  Electric  Com- 
pany to  the  stockholders  for 
the  year  ended  January  31  last  shows 
net  profits  of  $7,865,376,  including 
royalties  and  profit  from  securities 
sold  and  after  allowing  for  deprecia- 
tion. From  this  amount  were  deduct- 
ed $76,007  for  interest  on  debentures 
and  $1,470,098  representing  the 
amount  written  oft"  from  the  patents 
and  other  accounts  of  the  Stanley 
Electric  Company,  leaving  a  balance  of 
$6,319,270.  The  dividends  paid  dur- 
ing the  year  were  $3,508,284,  and  the 
surplus  as  of  December  31  last,  in- 
cluding the  amount  carried  over  from 
the  previous  year,  was  $7,293,688.  On 
the  general  conditions  governing  the 
company's  business  the  report  says : — ■ 

"The  disturbed  financial  and  other 
unsatisfactory  conditions  of  the  past 
year  have  considerably  affected  your 
business,  and  the  percentage  of  profit 
upon  business  clone  is  smaller  than  for 
the  previous  year;  the  increased  price 
of  copper,  higher  priced  and  less 
effective  labor,  large  expenses  in  de- 
veloping steam  turbines,  and  lower 
selling  prices  have  all  contributed  to 
this  result." 

The  balance  sheet  as  of  January  31, 
1904,  is  as  follows  : — 

ASSETS. 

Cash    $3,289,445 

Stocks   and   bonds 14,665,346 

Real  estate  (other  than  factory  plants)..  424,082 

Notes  and   accounts   receivable 15,207,480 

Work   in   progress 2,046,488 

Mercandise  inventories: — 

At   factories 10,488,464 

At  general  and  local  offices 1,247,754 

Consignments   69,899 

Factory   plants 6,500,000 

Patents,  franchises  and  good  will 2,000,000 

Total    $55,938,961 

LIABILITIES. 

3%  per  cent,  gold  coupon  debentures....  $2,049,400 

5  per  cent,  gold  coupon  debentures 82,000 

Accrued  interest  on  debentures 683 

Accounts  payable 1,810,664 

Unclaimed   dividends 1,825 

Deferred  liability  on  account  of  purchase 
of  Curtis  turbine  patents,  payable  in 

installments,  up  to  February  1,  1906.  *834,000 

Capital   stock 43,866,700 

Surplus    7,293,688 

Total    $55,938,961 

*  The   patent  investment   for   which    this  liability 
was  incurred  has  been  charged  to  profit  and  loss. 

Considerable  attention  is  given  in 
the  report  to  the  advantages  of  elec- 
tricity as  a  motive  power  on  railroads 
as  compared  with  steam,  and  the  in- 
teresting claim  is  advanced  that  "the 
popular  apprehension  of  the  'deadly 
third  rail'  is  without  foundation  as  re- 
gards danger  to'  the  public — there  is 
not  a  recorded  instance  of  a  passenger 
being  killed  by  the  third  rail."  The 
reduction  in  the  operating  expenses  of 
the  Manhattan  Elevated  from  55.8  per 
cent,  in  1901,  when  steam  was  in  use, 
to  44.7  per  cent,  in  1903,  when  the  mo- 
tive power  was  electricity,  is  instanced 
as  a  proof  of  the  saving  secured  by  a 
change  from  steam  to  electricity. 


An   Eacrly   Investigator  in   Electricity 

Some    of    the    Experiments    of    Francis    Hawksbee,    F.  R^.  S. 


By  EDWIN  J.  HOUSTON.  Ph.  D. 


IN  these  busy  days  so  much  of  the 
time  of  the  electrical  engineer  or 
investigator  is  necessarily  em- 
ployed in  keeping  up  with  the  latest 
discoveries  that  comparatively  little  is 
left  for  a  careful  examination  of  the 
writings  of  some  of  the  earlier  investi- 
gators in  this  important  field.  At 
least  this  appears  to  be  the  general 
opinion.  It  is  questionable,  how- 
ever, whether  any  one  can  afford  to 
entirely  ignore  the  investigations  of 
the  past,  and  this  for  several  reasons. 

In  the  first  place,  most  of  the  earlier 
investigations  were,  to  a  great  extent, 
made  by  minds  that  were  absolutely 
unbiased  by  any  preconceived  theories 
or  opinions.  Of  course,  we  are  now 
alluding  only  to  such  investigations  as 
were  not  made  for  the  express  pur- 
pose of  sustaining  some  particular 
electric  hypothesis  or  theory.  Conse- 
quently, considerable  advantage  ought 
to  be  derived  from  a  careful  reading  of 
investigations  made  under  these  cir- 
cumstances. 

In  the  next  place,  although  this 
consideration  is  of  especial  interest  to 
the  investigator  only,  much  valuable 
time  would  thus  be  saved  in  making 
investigations  believed  to  be  entirely 
original,  but  which,  in  fact,  have 
already  been  made  in  the  remote  past. 

Finally,  and,  perhaps,  this  is  the 
most  important  aspect  of  the  matter, 
a  careful  study  at  the  present  time  of 
any  unbiased  investigations  of  a  much 
earlier  date,  that  are  accurately  re- 
corded, possesses  the  marked  advan- 
tage of  being  made  in  the  light  of  all 
the  knowledge  that  has  been  acquired 
in  the  electric  sciences  since  the  time 
that  such  investigations  were  made. 
Naturally,  considerable  light  is  thrown 
on  many  points  that  were,  in  the  early 
clays,  obscure  and  apparently  con- 
flicting. 

It  is  an  interesting  fact  that  some  of 
the  most  important  investigations  in 
the  electric  field  were  made  in  abso- 
lute ignorance  of  the  fact,  at  least  dur- 
ing the  early  stages  of  the  work,  that 
the  forces  investigated  were  electric 
in  origin.  This  is  especially  so  in  the 
case  of  Francis  Hawksbee,  curator 
of  Expeiiments  in  the  Royal  So- 
ciety of  London.  Hawksbee  was  a 
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tireless  investigator,  mainly  in  the  do- 
main of  physics.  Some  of  his  investi- 
gations were  made  in  the  field  of  elec- 
tricity, although,  strange  to  say, 
he  appears,  at  least  in  his  earlier  ex- 
periments, to  have  been  entirely  un- 
aware that  the  force  he  was  investi- 
gating was  the  electric  force. 

The  earliest  experiments  of  Hawks- 
bee of  which  we  have  any  record  are 
mentioned  in  communications  to  the 
Royal  Society  of  London.  These  com- 
munications were  made  in  1705. 
Hawksbee  had  invented  an  excellent 
form  of  air  pump,  and  was  familiar 
with  the  phenomena  of  fairly  high 
vacua.  He  had  noticed,  as  others  had 
done,  the  glow  of  light  that  was  pro- 
duced by  the  friction  of  the  mercury 
against  the  inside  of  a  dry  glass  tube 
from  which  all  the  air  had  been  re- 
moved. As  is  now  well  known,  this 
glow  is  electric  in  origin  ;  but  Hawks- 
bee was  not  aware  of  this  fact.  He 
rather  regarded  the  phenomenon  as 
due  to  the  presence  of  some  variety 
or  modification  of  phosphorus,  and, 
therefore,  gave  to  it  the  name  of 
"mercurial  phosphorus,"  because  he 
believed  that  it  was  caused  by  some 
peculiar  substance  or  quality  in  the 
mercury  allied  to  phosphorus  itself. 

While  Hawksbee  was  ignorant  of 
the  electric  character  of  the  light  that 
was  produced,  his  acute  mind  had  no 
difficulty  in  seeing  the  resemblance  it 
bore  to  the  lightning  flash.  In  one  of 
his  experiments  he  permitted  the  air 
to  rush  into  a  glass  vessel  containing 
a  vacuum,  the  lower  part  of  the  vessel 
being  sealed  by  dipping  it  into  a  mass 
of  mercury.  Raising  one  end  of  the 
vessel  sufficiently  to  permit  the  air  to 
rush  into  the  vessel,  he  noticed  that  as 
it  struck  the  sides  of  the  glass  vessel 
there  appeared,  to  quote  his  language, 
"a  body  of  fire  consisting  of  an  abun- 
dance of  glowing  globules."  This 
luminous  phenomenon  continued  un- 
til the  pressure  amounted  to  half  an 
atmosphere.  In  another  experiment 
he  permitted  about  three  pounds  of 
mercury  to  fall  in  a  vacuum  from  the 
top  to  the  bottom  of  a  receiver  about 
21  inches  high.  At  the  bottom  of  the 
receiver  the  mercury  stream  broke 
into   a  shower  of  fine  particles  that 


were  dashed  against  a  dome-shaped 
piece  of  glass  placed  in  the  lower  part 
of  the  receiver.  Under  these  circum- 
stances, there  were  produced  flashes 
of  light,  which,  as  Hawksbee  says, 
resembled  flashes  of  lightning.  They 
were,  indeed,  miniature  flashes  of 
lightning,  but  Hawksbee  was  igno- 
rant of  this  fact. 

It  is  naturally  a  matter  of  surprise 
that  an  acute  mind  like  that  of  Hawks- 
bee's  did  not  at  once  recognize  the  fact 
that  the  phenomena  he  was  observing 
were  electric  in  origin ;  for,  as  early  as 
1675,  Boyle,  with  whom  Hawksbee 
was  acquainted,  since  he  refers  to  him 
on  several  occasions  in  his  communi- 
cations to  the  Royal  Society,  had  pub- 
lished some  experiments  and  notes 
concerning  the  mechanical  origin  of 
electricity,  and  had  noted  the  fact  that 
warming  increases  the  electric  effects. 
Hawksbee,  too,  must  also  have  been 
acquainted  with  Gilbert's  great  work, 
"De  Magnete,"  published  in  1600; 
nor  could  he  have  been  ignorant  of 
the  globular  electric  machine  pro- 
duced in  1675  by  Otto  von  Guericke, 
a  contemporary  of  Boyle.  Newton's 
experiments,  communicated  to  the 
Royal  Society  in  1675,  concerning  the 
electrification  of  glass  by  friction, 
were  also  accessible  to  him. 

But  Hawksbee  lived  at  a  time  when 
there  was  a  prevalent  belief  in  the  ex- 
istence of  effluvia,  or  matter  in  a  state 
of  very  fine  division.  He  believed  that 
the  phenomena  of  "mercurial  phos- 
phorus" were  caused  by  effluvia; 
nor,  to  a  certain  extent,  was  he  so  in- 
correct in  this  belief.  He,  therefore, 
permitted  this  conception  to  distract 
his  mind  from  what  he  possibly  saw  at 
a  later  date;  i.  e.,  that  the  phenomena 
were  electric. 

Believing  that  the  phenomena  of 
"mercurial  phosphorus"  were  due  to 
the  presence  of  some  peculiar  form  of 
phosphorus  or  other  allied  substance, 
Hawksbee  extended  his  experiments 
to  a  great  variety  of  substances,  all  of 
which  he  believed  contained  either 
phosphorus  itself,  or  some  peculiar 
form  of  phosphorus.  With  this  idea 
he  extended  his  experiments  to  var- 
ious solid  substances  which  he  thought 
might    contain    this    substance.      In 
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some  of  these  investigations  he  made 
the  following  experiment  with  amber, 
which  he  describes  on  page  159  of  the 
Philosophical  Transactions,  Vol.  II., 
from  1700  to  1720: — 

"Conjecturing,  therefore,  that  Am- 
ber, which  I  took  to  be  a  Mineral 
Oleosum  coagulated  with  a  Mineral 
Volatile  acid,  might  be  a  natural 
Phosphorus,  I  fell  to  make  many 
Experiments  upon  it,  and  at  last 
found  that  by  gently  rubbing  a  well 
polished  piece  of  Amber  with  my 
Hand  in  the  dark,  which  was  the  head 
of  my  Cane,  I  produced  a  Light ; 
whereupon  I  got  a  pretty  large  piece 
of  Amber,  which  I  caused  to  be  made 
long  and  taper,  and  drawing  it  gently 
through  my  Hand,  being  very  dry,  it 
afforded  a  considerable  Light.  I  then 
used  many  kinds  of  soft  Animal  Sub- 
stances, and  found  none  did  so  well  as 
that  of  Wool.  And  now,  upon  draw- 
ing a  piece  of  Amber  swiftly  through 
the  Woolen  Cloth,  and  squeezing  it 
pretty  hard  with  my  Hand,  a  pro- 
digious number  of  little  Cracklings 
were  heard,  and  every  one  of  those 
produced  a  little  flash  of  Light ;  but 
when  the  Amber  was  drawn  gently  or 
slightly  through  the  Cloth,  it  pro- 
duced a  Light,  but  no  Crackling ;  but 
by  holding  one's  Finger  at  a  little  dis- 
tance from  the  Amber,  a  large  Crack- 
ling is  produced,  with  a  great  flash  of 
Light  succeeding  it :  and  what,  to  me, 
is  very  surprising,  upon  its  Eruption, 
it  struck  the  Finger  very  sensibly 
wheresoever  applied,  with  a  push  or 
puff  like  Wind.  The  Crackling  is 
fully  as  loud  as  that  of  a  Charcoal  on 
Fire ;  nay,  five  or  six  Cracklings  or 
more,  according  to  the  Quickness  of 
placing  the  Finger,  have  been  pro- 
duced from  one  single  Friction.  Light 
always  succeeded  each  of  'em.  Now 
I  make  no  Question  but  upon  using 
a  longer  and  larger  piece  of  Amber, 
both  the  Cracklings  and  Light  would 
be  much  greater,  because  I  never  yet 
found  any  Crackling  from  the  head  of 
my  Cane,  although  it  is  a  pretty  large 
one ;  and  it  seems,  in  some  degree,  to 
represent  Thunder  and  Lightning. 
But  what  is  more  strange  than  all  I 
have  told  you  is  that,  though  upon 
Friction  with  Wool  in  the  Daytime 
the  Cracklings  seem  to  be  fully  as 
many  and  as  large,  yet  by  all  Trials 
I  have  made,  very  little  Light  is  pro- 
duced in  the  darkest  Room." 

"As  Diamonds  are  Electral  as  well 
as  Amber,  I  have  made  some  Trials 
with  them,  and  think  my  way  of  dis- 
tinguishing Diamonds  morally  sure. 
A  Diamond  by  an  easy  slight  Fric- 
tion in  the  Dark  with  any  soft  Animal 
Substance,  such  as  the  Finger, 
Woolen,  Silk,  etc.,  appears  in  its  whole 
Body  to  be  luminous ;  nay,  if  you  keep 


rubbing  it  for  a  little  while,  and  then 
expose  it  to  the  Eye,  it  will  remain  so 
for  some  little  time." 

In  his  search  for  substances,  which, 
as  he  believed,  contained  some  form 
of  phosphorus,  that  would  produce  the 
phenomena  of  the  "mercurial  phos- 
phorus," Hawksbee  tried  similar  ex- 
periments with  such  substances  as 
gum  lac,  sealing  wax,  pitch,  and 
sulphur. 

As  will  be  seen  from  the  preceding 
quotation,  Hawksbee  conducted  at 
this  early  date  a  fairly  extended  series 
of  experiments  on  the  electrification 
of  amber,  sulphur,  gum  lac,  sealing 
wax,  pitch,  etc.,  without  apparently 
having  any  idea  that  the  phenomena 
were  electric.  Indeed,  as  we  will  now 
show,  he  produced  a  globular  electric 
machine  similar  to  that  produced  at  a 
previous  date  by  von  Guericke  in 
1675  ;  that  is  to  say,  an  excellent  form 
of  electric  machine  was  produced,  not 
for  the  express  purposes  of  an  elec- 
tric machine,  but  simply  for  evolv- 
ing luminous  phenomena  produced 
by  the  so-called  mercurial  phosphorus 
under  conditions  resembling  that  of 
mercury  in  a  vacuous  space;  i.  e.,  of 
subjecting  a  rotating  globe  of  glass  to 
the  friction  of  the  hand  on  the  outside. 
The  inside  of  this  globe  was  coated 
with  some  of  the  materials  in  which 
Hawksbee  believed  some  form  of 
phosphorus  to  exist ;  i.  e.,  sealing  wax, 
sulphur,  or  pitch,  and  at  the  same 
time  maintaining  a  high  vacuum  in- 
side of  the  globe. 

Hawksbee  describes  these  experi- 
ments in  a  communication  to  the 
Royal  Society,  as  follows: — 

"This  Experiment  affords  a  sin- 
gular Confirmation  of  another  former- 
ly made,  and  differs  only  in  the  Matter 
made  use  of.  I  before  used  Sealing- 
Wax,  but  now  made  choice  of  Pitch, 
which  I  served  as  the  Sealing-Wax ; 
that  is,  I  melted  it  in  Globe-glass,  and 
kept  it  turning  until  the  larger  half 
had  got  a  pretty  thick  lining  of  it ;  it 
was  even  so  thick  that  a  Ray  of  Light 
could  no  way  penetrate  ic.  This  Globe 
I  exhausted  of  its  contained  Air ;  then 
(being  Night)  I  put  it  on  the  engine  to 
give  Motion  to  it ;  where,  after  it  had 
been  turned  a  little  while  with  my 
Hand  on  that  half  lined  with  the 
Pitch,  I  could  very  easily  discover 
through  the  transparent  Part,  on  the 
inward  Surface  of  the  Pitch,  the  very 
shape  and  the  Lines  of  it,  as  likewise 
of  my  Fingers,  for  the  most  eminent 
Parts  of  the  Hand  and  Fingers  that 
toucht  the  Glass  appeared  all  lumin- 
ous. The  other  Parts  discovered  them- 
selves by  the  dark  Intervals  they  made 
between  the  enlightened  Parts ;  and 
when  the  Fingers  were  spread  or 
closed,  'twas  very  obvious  to  the 
Sight.     Now  after  a  small  quantity  of 


Air  was  let  in,  the  Light  disappeared 
on  the  inside  of  the  lower  Part  (but 
not  on  the  other)  which  began  to  dis- 
cover itself  more  and  more  on  the  out- 
side ;  tho'  even  in  vacuo  there  was  al- 
ways a  Light  attended  on  the  touch 
of  those  Parts  that  were  most  con- 
tiguous to  the  Glass.  But  now  such 
a  Circle  of  Light  would  discover  itself 
on  the  edge  of  the  Pitch  which  sepa- 
rated it  from  the  transparent  Part,  as, 
likewise,  another  Ring  of  Light  some- 
what nearer  to  the  Axis  of  the  Glass, 
but  both  these*  appeared  when  the 
Hand  was  applied  to  the  under  Part ; 
for  when  it  was  removed,  on  the  con- 
trary, no  such  appearance  ensued. 
The  transparent  half  of  the  Glass  was, 
in  all  Circumstances,  as  in  the  former 
Experiments.  When  all  the  Air  was 
let  in  the  Electricity  of  the  Glass  in 
all  its  Parts,  the  lined  as  well  as  the 
transparent,  were  formed  much  alike. 
The  Threads  seemed  to  be  attracted 
everywhere  with  equal  Vigour.  To 
conclude,  this  and  the  fore-mentioned 
Experiment  of  the  Sealing-Wax  plain- 
ly discover  a  transparent  Quality  in 
some  Bodies  (we  call  Opake)  under 
such  and  such  Circumstances.  Bodies 
which  are  really  Opake  have  hitherto 
been  thought  to  continue  always  so.  It 
was  never  so  much  as  suspected,  that 
tney  could  exchange  that  Quality  for 
the  contrary  one,  and  then  come  back 
fiom  that  contrary  one  to  their  old 
State  again ;  That  they  should  pass 
from  Opake  to  Pellucid,  and  from 
Pellucid  to  Opake;  at  one  time  ad- 
mit, and  at  another  time  oppose  the 
Passage  of  Light ;  and  all  this  by  a 
mere  change  of  external  Circum- 
stances. This  Property,  I  say,  is  as 
new  as  'tis  real  and  surprising :  and 
bare  consideration  of  so  unlikely  and 
unexpected  a  thing,  may  be  a  ground 
of  encouragement  to  hope  that  soon 
other  odd  properties  of  Bodies  by 
some  lucky  Tryals  may  hereafter  (as 
this  has  done)  surprise  us  with  the 
discovery  of  Themselves." 

Hawksbee  repeated  the  above  ex- 
periment, employing  melted  sulphur 
in  place  of  the  pitch.  The  results  he 
obtained  from  this  substitution  he  de- 
scribes as  follows: — - 

"I  took  a  quantity  of  common  Sul- 
phur, nearly  equal  to  what  I  had  used 
before,  of  the  Flowers ;  which,  having 
melted  as  before,  I  poured  it  into  an- 
other Glass  Globe,  which  I  used  in  all 
Respects  as  the  former.  But  when  I 
had  exhausted  it,  and  given  the  usual 
Motion  and  Attrition,  the  Effect  was  so 
surprisingly  different  that  one  would 
scarce  think  it  should  proceed  from  the 
same  sort  of  body;  for  the  Figure  of 
my  Hand  and  Fingers  appeared  not 
only  on  the  inside  (though  more  faint 
and  pale  than  in  the  Experiments  of 
Sealing  Wax  and  Pitch),  but  on  its 
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outside  there  appeared  a  brisk,  purple 
Light,  so  beautiful  and  agreeable  to 
the  Eye  that  it  was  very  pleasant  to 
behold.  The  Strength  of  this  Light 
may  be  judged  from  hence :  That  the 
Lines  of  the  Palm  of  my  Hand,  which, 
being  near  the  touching  Parts,  were 
easily  discoverable  by  it ;  and  were  a 
small  Print  placed  at  the  distance,  I 
Question  not  but  it  would  be  legible 
without  any  great  Difficulty.  And  as 
this  common  Sulphur  differed  vastly 
in  that  Part  of  the  Experiment  already 
related  from  the  former,  so,  likewise, 
in  the  latter,  for  when  the  Hoop  of 
Threads  came  to  be  held  over  it  (un- 
der the  same  Circumstances  as  in  the 
other)  they  were  directed  towards  it 
as  vigorously  as  in  any  Experiment 
heretofore  made.  The  parts  lined  and 
transparent  performed  much  alike, 
and  if  there  was  any  Difference,  it 
seemed  to  incline  to  that  part  lined 
with  Sulphur." 

A  careful  examination  of  these 
curious'  experiments  would  seem  to 
show  clearly  that  Hawksbee  regarded 
them  all  as  belonging  to  a  single  class  ; 
viz.,  as  produced  by  the  actual  motion 
of  matter  in  the  condition  of  effluvia. 
In  none  of  the  preceding  quotations 
does  the  word  "electrical"  or  "elec- 
tricity" appear,  save  only  in  the  one 
instance,  where  he  refers  to  the 
electricity  on  all  parts  of  the  glass 
producing  the  same  effect  on  the 
hoop  of  threads.  He  appears  to 
have  been  surprised  by  the  fact  that 
the  phenomena  were  attended,  as 
he  mentions,  by  matter  in  some  con- 
dition actually  striking  against  the 
finger  when  it  was  approached  to  the 
glass  globe,  giving  it  a  push  like  a 
puff  of  wind.  Here,  clearly,  the  con- 
ception of  efHuvial  matter  and  not  of 
convection  breeze  is  uppermost  in  his 
mind. 

Hawksbee  appears  to  have  made 
extended  investigations  as  to  the  effect 
of  this  stream  of  what  he  regarded  as 
efHuvial  matter.  The  result  of  these 
investigations  was  that  he  clearly  out- 
lined the  effects  of  electro-static  lines 
of  force  as  they  are  generally  known 
to-day.  At  that  early  date  Hawksbee 
clearly  denied  the  possibility  of  action 
at  a  distance,  and  seems  to  have  ac- 
quired very  advanced  ideas  concern- 
ing the  mechanism  of  electro-static  in- 
duction, the  effects  of  which  he  also 
observed  in  the  case  of  luminous  phe- 
nomena being  produced  in  a  vacuous 
glass  globe  at  rest,  during  the  rota- 
tion and  friction  of  a  neighboring  vac- 
uous globe.  He  expresses  himself 
thus  concerning  these  phenomena: — 

"Not  only  a  Communication  but  a 
Continuity  of  Matter  which  occa- 
sions the  Motion  of  the  Threads.  The 
Progress  of  it  seems  to  be  in  a  straight 
and  directtrack;  in  which  the  Matter 


is  brushed  by  the  shortest  Course  from 
the  Approached  Body  to  the  Threads 
that  are  shaken  by  it.  And  if  the 
Threads  are  moved  by  the  influence  of 
any  Matter  emitted  from  the  Glass,  it 
appears  to  be  impossible  to  explain 
how  they  should  be  so  and  at  such  dis- 
tances, without  a  Continuity.  So  that 
the  case  seems  to  be  thus :  That  the 
Effluvia  pass  along,  as  it  were,  in  so 
many  Physical  Lines  or  Rays ;  and  all 
the  Parts  that  compose  them  adhere 
and  joyn  to  one-another,  in  such  man- 
ner, that  when  any  of  'em  are  pushed, 
all  in  the  same  Line  are  Affected  by 
the  Impulse  given  to  the  others." 

But  what  is  especially  of  interest  in 
the  experiments  with  the  rotated  vac- 
uous globes  is  found  in  the  fact  that 
the  production  of  an  electric  charge 
on  the  outside  of  these  globes,  while 
their  interiors  were  in  what  was  evi- 
dently a  fairly  high  vacuum,  permitted 
an  image  of  the  hand  to  be  clearly 
discerned  through  the  transparent 
part,  although  the  hand  itself  was  cov- 
ered by  a  substance  opaque  to  light ; 
i.  e.,  pitch  or  sulphur.  Of  course,  as 
we  now  know,  the  phenomena  of  the 
image  of  the  hand  might  be  regarded 
as  a  luminous  electric  image  produced 
by  induction  through  the  mass  of  the 
dielectric,  including  the  glass  and  the 
sulphur  or  pitch. 

While  the  description  of  the  phe- 
nomena is  fairly  clear  as  given,  one 
might  almost  suppose  that  the  phe- 
nomena concerning  the  transparency 
of  bodies  ordinarily  opaque  under  the 
circumstances,  was  descriptive  of  a 
series  of  phenomena  which  showed 
either  that  Hawksbee  had  at  this  early 
date  reached,  or  actually  passed,  the 
border  lines  of  the  phenomena  of  the 
X,  or  Roentgen,  and  other  allied 
rays.  One  can  almost  imagine,  when 
reading  his  description  of  the  appear- 
ance of  the  hand  with  what  he  calls 
the  lines  and  the  dark  spaces  between 
the  fingers,  that  he  was  describing  a 
species  of  radiograph.  While  we  ad- 
mit that  this  may  seem  improbable, 
yet  it  might  be  worth  while  for  some 
investigator  who  has  some  little  time 
at  his  disposal  to  repeat  Hawksbee's 
experiments  under  as  nearly  identical 
conditions  as  possible,  and  test,  by 
means  of  photographic  plates  or  in 
other  ways,  whether  there  are  any 
peculiar  rays  of  the  X  or  allied  types 
present.  Such  an  experiment  might 
readily  be  tried  by  coating  the  entire 
interior  with  pitch,  and  placing  a  pho- 
tographic plate,  preferably  concave,  a 
short  distance  from  the  rotating  globe, 
but  above,  to  the  side,  and  below  the 
same. 

But  while  Hawksbee  failed  to  thor- 
oughly grasp  the  details  of  his  remark- 
able experiments,  he  did  not  fail  to 
appreciate  their  strangeness.     He  re- 


marks with  considerable  surprise  the 
curious  fact  of  opaque  bodies  that  are 
so  readily  rendered  transparent.  As 
he  says,  this  experiment  shows  some 
strange  things.  "Bodies  which  are 
really  opaque  have  hitherto  been 
thought  to  continue  always  so.  It  was 
never  so  much  as  suspected  that  they 
could  exchange  that  quality  for  the 
contrary  one,  and  then  come  back 
from  that  contrary  to  their  old  state 
again." 

His  closing  words  in  this  connection 
are  indeed  prophetic: — "This  prop- 
erty, I  say,  is  as  new  as  'tis  real  and 
surprising,  and  the  bare  consideration 
of  so  unlikely  and  unexpected  a  thing, 
may  be  a  ground  of  encouragement  to 
hope  that  some  other  odd  properties 
of  bodies,  by  some  lucky  trial,  may 
hereafter  (as  it  has  done)  surprise  us 
with    the    discovery    of    themselves." 

Witness  the  fulfilment  of  this 
prophecy  in  the  discovery  of  the 
Roentgen  or  X-rays,  the  Leon- 
ard rays,  the  Becquerel  rays,  the 
cathode  and  other  rays  and  their 
modifications,  together  with  what 
may  be  regarded  as  their  mutual  se- 
quence—that is,  the  discovery  of  the 
so-called  elements,  polonium,  radium, 
and  actinium,  with  their  astounding 
physical  properties  that  have  so  ruth- 
lessly overthrown  the  old  and  (up  to 
this  time)  apparently  fundamental 
ideas  of  energy  and  the  essential  na- 
ture of  atoms  and  molecules. 


Shopping  by  Telephone 

THE  largest  private  telephone  ex- 
change in  the  world  is  said  to 
be  installed  in  the  department 
store  of  Marshall  Field  &  Company,  at 
Chicago.  Over  300  telephones '  are 
used  in  the  establishment.  On  every 
floor,  and  serving  each  separate  de- 
partment— the  department  being  fur- 
ther subdivided  into  aisles — are  locat- 
ed telephone  instruments  by  which  the 
shopper  can  communicate  with  the 
outside  world  at  a  moment's  notice. 
The  company  operates  its  own  ex- 
change and  has  an  extensive  inter- 
communicating system.  The  appara- 
tus is  leased  and"  the  talking  current 
furnished  by  the  Chicago  Telephone 
Company. 

A  very  modern  feature  of  this  ser- 
vice is  the  provision  by  Marshall  Field 
&  Company  of  expert  shoppers,  who 
may  be  called  upon,  through  the  me- 
dium of  the  telephone,  to  execute 
purchases  for  out-of-town  or  local 
patrons  who  find  it  impossible  to  make 
the  trip  to  the  store. 


An  international  industrial  exhi- 
bition is  to  be  held  at  Cape  Town, 
South  Africa,  during  November  and 
December,  1904,  and  January,  1905. 


236 


THE      ELECTRICAL      AGE 


April,  1904 


Some  French   Electric  Coal    Handling 

Machinery 

By   A   STAFF   CORRESPONDENT 

OF  the  electrically  driven  machinery  for  handling  coal  and 
coke  used  at  the  various  plants  of  the  Paris  Gas  Com- 
pany, a  number  of  illustrations  are  given  on  this 
and  the  following  pages.  Not  the  least  interesting  of  the  de- 
vices, though  of  modest  character,  is  the  apparatus  shown  in 
Fig.  7,  designed  for  lifting  the  bags  of  coke  to  a  proper  height 
for  easily  being  taken  upon  the  backs  of  laborers.  The  bags 
are  carried  along  on  an  inclined  conveyor  of  the  type  shown 
in  Figs,  i  and  2  to  the  large  heaps  which  are  completed  by  the 
aid  of  a  monorailway  several  hundred  yards  in  length.  As 
they  come  from  the  conveyors  the  bags  are  placed  on  the 
carriers  shown  in  Fig.  5,  which  are  provided  with  wheels 
traveling  on  the  monorails.  These  two-bag  carriers  are  con- 
nected together,  the  loaded  ones  in  descending  causing  the 
empty  ones  to  be  raised  on  the  return  track. 

One  of  the  most  interesting  labor-saving  devices  employed' 
at  these  French  plants  is  an  electric  bucket  conveyor  for  rais- 
ing the  coke  from  the  piles  and  carrying  it  into  chutes,  from 
which  it  passes  into  hectolitre  measures  and  is  then  dumped 
into  bags  and  loaded  upon  carts  and  wagons  for  distribution 
about  the  city,  or  for  conveying  to  cars  for  transportation. 
This  conveyor  is  illustrated  in  Figs.  3  and  4.  The  current  is 
conveyed  to  the  apparatus  by  overhead  wires  attached  to  a 
pole  as  shown  and  connected  with  the  electric  motor  which 
operates  the  chain  of  buckets.  This  chain  consists  of  150 
links  and  carries  thirty  buckets  which  dig  into  the  pile  of 
coke,  conveying  it  over  the  top  of  the  device  .into  the  hopper. 
The  coke  passes  through  three  chutes  to  the  measurers,  each 
of  which  is  controlled  by  a  lever  operated  by  the  laborer  who 
fills  the  sack  and  passes  it  back  to  be  loaded  upon  the  wagon. 

Different  methods  are  employed  at  the  various  works  at 
Clichy,  La  Villette  and  Ivry,  all  of  which  are  owned  by  the 
Compagnie  Parisienne  d'Eclairage  &  de  Chauffrage  par  le 
Gaz.  The  various  systems  of  coal  and  coke  conveying  util- 
ized at  these  plants  were  installed  to  meet  the  special  condi- 
tions required  at  these  works  for  the  most  economical  as  well 
as  the  most  expeditious  handling  of  the  materials. 

The  portable  conveyor  for  filling  the  bags  with  coke  from 
the  pile  is  supplied  with  power  from  an  electric  motor  located 
under  the  platform  of  the  truck.  The  measuring  and  bag- 
filling  mechanism  has  an  output  of  about  1,500  cubic  feet  per 
hour.  The  buckets  attached  to  the  two  chains  are  continually 
pressed  against  the  coke  pile,  and  after  the  coke  is  discharged 
into  the  hopper,  the  fine  dust  is  sifted  out  in  the  three  chutes 
as  it  passes  into  the  measuring  devices.  At  some  of  the  plants 
the  coke  passes  through  chutes  directly  into  the  measuring 
and  loading  apparatus.  This  apparatus  allows  the  bags  to  be 
filled  without  labor  and  with  one  hand,  similar  devices  being 
employed  under  the  chutes  of  the  coke  crushers.  The  bags 
are  hooked  to  the  hoppers  into  which  the  measures  dump  the 
coke  and  the  opening  and  closing  of  the  chutes  is  accom- 
plished automatically  by  the  measuring  device  itself  as  it  ar- 
rives at  or  leaves  the  filling  position. 

After  the  bags  are  filled  they  are  lifted  mechanically,  as 
already  mentioned,  to  a  proper  height  so  as  to  be  easily  taken 
upon  a  laborer's  back.  There  are  two  or  more  shelves  on  these 
lifting  devices,  located  near  the  crushers  and  storage  rooms. 
These  shelves  have  a  continual  motion  up  and  down,  stopping 
an  instant  at  the  top  and  the  bottom,  the  bags  being  placed 
on  the  shelves  when  they  are  at  the  ground  level  and  taken 
from  the  shelves  by  the  laborers  when  they  reach  a  height  of 
four  or  five  feet, — near  the  top. 

At  some  of  the  plants  it  is  found  desirable  to  dry  the  coke, 
which  is  accomplished  by  means  of  a  drying  conveyor.  This 
drying  apparatus  has  a  large  capacity  and  travels  in  a  heat- 
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FIG.  3- — ELECTRIC  BUCKET   CONVEYOR  FOR  LOADING   COKE   SACKS 
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FIG.   4. — ANOTHER   VIEW   OF   THE   CONVEYOR    SHOWN    IN    FIG.    3 


FIG.    5.- — TWO-SACK    MONORAIL    CARRIERS 
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ed  inclosure  at  a  speed  of  8  feet  per 
minute  from  a  point  near  the  crushers 
to  the  place  where  the  cars  are  loaded. 
The  conveyor  is  about  six  feet  wide 
and  the  wet  coke  as  it  comes  from  the 
crushers  is  carried  by  means  of  buck- 
ets to  the  drying  floor,  where  it  is 
heated  for  about  half  an  hour  as  it 
passes  along",  and  finally,  after  pass- 
ing through  a  chute,  is  emptied  into 
the  cars  by  a  bucket  lift. 

Sack  conveyors  are  employed  for 
piling  the  coke  at  the  works  where 
these  great  heaps  are  required  for 
storage.  These  conveyors  carry  the 
coke  bags  to  a  height  of  from  fifty  to 
seventy-five  feet,  the  bags  being 
placed  upon  supports  carried  by  a 
moving  chain  on  a  framework,  the 
speed  of  the  chain  being  from  sixty 
to  seventy-five  feet  per  minute.  This 
conveying  apparatus  handles  about 
fifteen  bags  per  minute  or  a  total  of 
nearly  10,000  bags  per  day  of  ten 
hours.  The  conveying  chain  for  pil- 
ing the  coal,  at  La  Villette  starts  at 
the  crusher  shed  and  passes  up  an  in- 
clined framework  from  the  lower 
platform  ending  above  the  coke  pile. 
At  this  point  a  horizontal  conveyor  is 
also  employed,  the  bags  passing  un- 
der the  crushers  to  the  elevator  for 
placing  on  the  piles.  At  the  works  at 
Clichy  a  carrier  lift  is  provided  and 
also  a  horizontal  conveyor  which  ends 
in  an  incline  conveyor  for  raising  the 
coke  bags  to  the  car  level,  a  continu- 
ous drying  conveyor  further  being 
used  in  connection  with  this  plant,  the 
coke  being  heated  on  its  way  to  the 
cars  for  a  period  of  thirty  minutes  or 
more. 

A  monorailway  is  employed  at 
Clichy  for  completing  the  piling  after 
the  bags  have  been  delivered  upon  the 
heaps  by  the  inclined  conveyors. 
These  monorailways  are  1,000  feet  or 
more  in  length  and  are  constructed  as 
desired  on  the  tops  of  the  great  piles 
of  coke.  A  large  number  of  straight 
and  curved  rails  are  provided  which 
are  supported  by  light  arched  stand- 
ards. These  may  be  easily  moved  by 
the  laborers,  the  monorail  being 
lengthened  wherever  desired  for 
dumping  additional  coke.  The  in- 
clination of  the  monorails  is  less  than 
i  inch  to  ioo  feet  and  the  carriers 
each  handle  two  bags  having  a  capa- 
city of  about  three  cubic  feet  and 
weighing  somewhat  over  ioo  pounds. 

At  the  works  at  Ivry  cable  ways  are 
employed,  a  single  bag  being  handled 
by  each  carrier.  This  method  is  em- 
ployed for  piling  the  coke,  while  simi- 
lar conveyors  to  those  above  de- 
scribed are  employed  for  loading  the 
bags  to  wagons  or  cars.  The  endless 
cable  used  on  the  telpherage  convey- 
ing system  at  Ivry  supports  the  single 
bag    carriers,    and    the    carriers    are 

4-8 


switched  automatically  by  the  cable 
to  an  angle-iron  railway.  By  this  tel- 
pherage system  about  2,000  bags  are 
handled  per  day  of  ten  hours  with 
ease. 

These  plants  were  installed  under 
the  direction  of  Mr.  L.  Bertrand, 
"Directeur  de  la  Compagnie  Pari- 
sienne."  Several  hundred  thousand 
tons  of  coal  are  used  at  these  works 
each  year,  and  about  fifty  million 
cubic  feet  represent  the  output  of 
coke.  The  plants  cost  about  a  quar- 
ter of  a  million  dollars  and  occupy  an 
area  of  several  million  square  feet. 

Whether  the  coal  is  brought  to  the 


employed  in  the  dumping  of  the  cars 
at  La  Villette. 

While  the  methods  employed  by 
the  engineers  of  the  Compagnie  Pari- 
sienne  may  not  be  favored  by  Ameri- 
can engineers,  they  are  interesting  as 
illustrations  of  French  practice,  dif- 
fering materially  from  systems  for 
conveying  coke  and  coal  at  similar 
establishments  in  the  United   States. 


The  painter  Michetti,  who  designed 
the  new  Italian  postage  stamps,  has 
devised  an  ingenious  detail  for  the 
two-centesimi  stamps,  which  are  in 
honor  of  Marconi — a  telegraph  pole 


FIG. 


-LIFTING    THE    SACKS    BY    MACHINERY    TO    THE    BACKS    OF    LABORERS 


works  by  barges  or  by  trains  of  cars. 
it  is  unloaded  by  cranes  and  conveyed 
at  the  lowest  possible  expense  to  the 
furnaces  where  it  is  distilled  and  then 
carried  to  the  coke  yards.  The  dump 
carts  which  carry  the  coke  to  the 
crushers  work  automatically,  and 
electric-motor-driven      capstans      are 


from  which  the  wires  hang  down  use- 
less. All  the  stamps  were  made  at  the 
desire  of  the  King,  who  had  come  to 
the  conclusion  that  Italy's  stamps 
were  no  better  than  those  of  France. 
England  and  Germany,  and  did  not 
reflect  honor  on  a  country  known  as 
the  home  of  classical  art. 


The  Chamonix  Electric  Railway 

Water-Power   and    Protected    TKird-Rail    Cvirrervt   Supply 

By   ARCHIBALD    WILSON 


PREVIOUS  to  1902  the  tourist,  en 
route  for  Chamonix  from  the  di- 
rection of  Geneva,  had,  of  neces- 
sity, to  perform  the  last  stage  of  the 
journey  by  diligence.  Cluses  was  then 
the  terminus  of  the  Paris-Lyons-Medi- 
terranean Company's  steam  line,  and 
from  there  a  drive  of  twenty-seven 
miles  through  the  wild  valley  of  the 
Arve  brought  the  traveler  to  his  desti- 
nation. Lying,  as  it  does,  under  the 
shadow  of  the  great  Mont  Blanc  range, 
Chamonix  lias  a  world-wide  reputa- 
tion as  the  centre  of  some  of  the  loveli- 
est of  mountain  scenery  and  as  a  con- 
venient starting  point  for  numerous 
Alpine  ascents,  and  its  ever-increas- 
ing popularity  made  its  connection 
with  the  railway  system  of  France 
merely  a  question  of  time. 

By  July,  1901,  the  ordinary  steam 
railway  had  been  extended  a  further 
distance  of  seventeen  miles  to  the  small 
town  of  Le  Fayet,  and  from  that  point 
to  Chamonix  the  electric  railway  which 


is  the  subject  of  this  article  was  opened 
for  traffic.  The  line  is  a  comparatively 
short  one,  being  at  present  slightly  un- 
der twelve  miles  in  length  from  ter- 
minus to  terminus,  and  is  provided 
with  four  intermediate  stations.  Of 
these  Chedde  is  next  to  Le  Fayet-St. 
Gervais,  then  come  Servoz,  Les 
Houches,  and  finally,  about  two  and 
one-quarter  miles  from  Chamonix,  the 
station  of  Les  Bossons,  situated  at  the 
foot  of  the  famous  glacier  of  the  same 
name.  As  the  difference  in  level  be- 
tween Le  Fayet  and  Chamonix  is  about 
1500  feet,  the  gradients  are  in  some 
parts  steep.  The  heaviest  are,  one  of  9 
per  cent,  between  Chedde  and  Servoz, 
extending  over  a  distance  of  2300 
yards,  and  one  of  8  per  cent,  between 
Servoz  and  Les  Houches,  1500  yards 
in  length,  while  inclines  of  2  per  cent, 
are  frequent. 

For  the  first  two  miles  the  line  runs 
through  a  comparatively  level  and 
open  valley  to  Chedde,  shortly  beyond 


which  the  heavy  climb  begins.  Be- 
yond Servoz  the  valley  of  the  Arve, 
which  there  narrows  into  a  wild  and 
precipitous  gorge,  affords  ample  scope 
for  the  ingenuity  of  the  engineer  in  the 
necessity  for  deep  rock  cuttings,  tun- 
nels, and  high  embankments.  Inci- 
dentally, it  may  here  be  mentioned  that 
at  a  short  distance  from  Servoz  station 
there  may  be  seen  at  the  entrance  of  a 
rock  gallery  through  which  the  high 
road  has  been  driven,  an  interesting 
example  of  tunnelling  by  the  Romans. 
The  mouth  of  the  tunnel  is  approached 
by  steps  cut  iiiythe  rock  at  the  side  of 
the  road,  and  is  furnished  with  a  sign- 
board which  informs  the  traveler  that 
the  ancient  tunnel  was  discovered 
while  blasting  out  the  rock  of  the  mod- 
ern tunnel  for  the  construction  of  the 
high  road  about  the  middle  of  the  last 
century. 

At  the  head  of  the  gorge  the  line 
crosses  the  Arve  by  a  lofty  masonry 
bridge,  after  which  it  ascends  by  easy 


THE   POWER    STATION    NEAR   SERVOZ.      A    SECOND   STATION    AT   CHAVANT,   ABOUT  THREE    MILES    DISTANT,  IS  SIMILAR  IN  LAY-OUT  AND  CAPACITY 
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gradients  along  the  more  open  Cha- 
monix  valley  through  the  stations  of 
Les  Houches  and  Les  Bossons  to  its 
terminus. 

From  a  picturesque  point  of  view 
the  railway  can  hardly  be  surpassed, 
the  sight  of  the  turbulent  glacier 
waters  of  the  Arve  rushing  through  its 
gorge  as  the  train  winds  its  way  high 
above  the  stream  being  varied  by  ex- 
quisite glimpses  of  snow-clad  moun- 
tains and  the  rocky  pinnacles  of  the 
Aiguilles,  till  finally,  as  the  train 
emerges  into  the  valley  of  Chamonix, 
there  bursts  into  view  the  entire  range 
of  Mont  Blanc  with  its  snowy  sum- 
mits and  glacier-covered  sides. 

As  a  natural  sequence  to  the  line  be- 
ing projected  through  a  country  lav- 
ishly provided  with  streams  of  rapid 
descent,  water-power  has  been  em- 
ployed as  the  source  of  energy  for  the 
propulsion  of  the  trains.  Two  power 
stations  have  been  erected,  one  a  short 
distance  below  Servoz,  about  four  and 
one-half  miles  from  the  LeFayet  end, 
and  the  other  at  Chavants,  two  and 
three-quarter  miles  further  up  the  val- 
ley. The  general  appearance  of  No.  i 
Station  at  Servoz  can  be  gathered  from 
the  illustration  on  the  opposite  page. 
The  power  house  measures  ioo  feet  by 
40  feet,  and  consists  of  a  basement 
through  which  are  brought  the  inlet 
and  discharge  pipes  of  the  turbines, 
and  a  first  floor  containing  the  tur- 
bines, dynamos,  and  switchboards. 

The  water  is  led  from  the  river 
through  tunnels  and  riveted  steel  pipes 
according  to  circumstances,  and  is  de- 
livered to  the  turbines  at  a  pressure 
corresponding  to  a  head  of  130  feet. 
The  machinery  consists  of  four  main 
turbines  with  horizontal  shafts  direct 
connected  to  the  generators  which  sup- 
ply current  to  the  line,  and  two  smaller 
turbines  and  dynamos  which  are  used 
for  the  lighting  of  the  station  and  its 
adjuncts.  The  large  turbines  have  a 
maximum  capacity  of  350  horse-power. 

The  dynamos  at  No.  1  Station  give 
out  550  volts  at  their  terminals  at  no 
load  with  a  speed  of  615  revolutions 
per  minute.  With  a  speed  of  about  450 
revolutions  and  a  load  of  440  amperes 
the  pressure  is  522  volts.  The  normal 
output  of  each  generator  is  370  am- 
peres for  continuous  running ;  450  am- 
peres may  be  taken  off  for  half  an  hour 
at  a  time ;  and  for  momentary  periods 
of  overload  the  current  may  run  as 
high  as  600  amperes,  at  which  figure 
the  automatic  cutouts  at  the  switch- 
board act.  The  exciter  sets  are  de- 
signed to  work  at  120  volts  with  a 
maximum  of  330  amperes,  and  their 
turbines  are  provided  with  governors 
maintaining  the  speed  constant  with  all 
loads  at  about  520  revolutions  per  min- 
ute. No.  2  Station  at  Chavants,  while 
differing  slightly  in  detail,  is  equipped 


SEEN    FROM    THE   TRAIN 


THE  FRONT   LUGGAGE   VAN,    WITH    THE    DRIVERS    COMPARTMENT 


generally  on  lines  similar  to  the  station 
at  Servoz.  The  head  of  water  in  this 
case  is  about  300  feet. 

Current  is  conveyed  to  the  motors  of 
the  trains  by  means  of  a  third  contact 
rail  laid  outside  and  parallel  to  the  or- 


dinary running  rails.  This  third  rail, 
which  weighs  slightly  under  75  pounds 
per  yard,  is  placed  on  one  side  or  the 
other  of  the  line  according  to  necessity, 
at  a  distance  of  about  42  inches  from 
the   centre   of  the   line  and   with   its 
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THE    WAY   IN    WHICH   THE  CONDUCTOR   RAIL  IS  GUARDED   AGAINST   ACCIDENTAL   CONTACT   IS    HERE  CLEARLY    SHOWN 


crown  9  inches  above  the  top  of  the 
running  rails.  It  is  fixed  with  iron 
bolts  to  insulating  blocks  of  paraffined 
beech,  which,  in  turn,  are  bolted  to  oak 
distance  pieces  fixed  on  the  ends  of  the 
sleepers.  It  might  naturally  be  sug- 
gested that  such  support  did  not  pos- 
sess sufficiently  high  insulating  qual- 
ities having  regard  to  the  pressure  em- 
ployed, and  that  the  leakage  from  the 
line   would   be   considerable.      Appar- 


ently, however,  this  is  not  the  case,  for 
the  maximum  leakage  to  earth  is  stated 
at  less  than  one  ampere  per  iooo  yards. 
Moreover,  it  is  also  asserted  that 
this  leakage  decreases  with  a  fall  of 
rain  or  snow.  The  reason  given  for 
this  somewhat  unusual  state  of  mat- 
ters is  that  dust,  which  has  accumu- 
lated on  the  surface  of  the  insulating 
blocks  and  caused  leakage,  is  washed 
away  by  the  action  of  the  rain,  while 


THE  ARRANGEMENT  OF  THE  CONDUCTOR  RAILS  AT  A   SWITCH 


the  water  itself  in  the  Chamonix  dis- 
trict is  so  pure  and  free  from  acids  or 
alkalies  that  its  conductivity  is  prac- 
tically nil.  In  consequence,  after  rain 
the  insulation  of  the  wood  blocks  is,  on 
the  whole,  greater  than  before. 

In  addition  to  having  fish-plates  of 
standard  pattern,  the  adjoining  ends  of 
the  third  rails  are  connected  by  two 
stranded  copper  bonds  soldered  to  cast 
iron  terminal  plates  which  are  bolted 
to  the  web  of  the  rail.  The  running 
rails  are  bonded  in  similar  fashion,  but 
with  only  a  single  bond  per  joint. 

To  allow  of  the  passage  of  vehicles 
at  grade  crossings,  and  also  at 
switches,  a  gap  is  left  in  the  contact 
rail,  the  interval  being  bridged  by  a 
copper  bond  laid  underground  in  a 
wooden  trough  run  up  solid  with  as- 
phalt. At  all  such  Interruptions  the 
rails  are  so  disposed  that  at  no  time  are 
the  collector  shoes  on  the  vehicles  en- 
tirely out  of  contact  with  the  rail,  and 
no  interruption  of  the  current  to  the 
motors,  therefore,  takes  place.  In  the 
stations  and  other  such  places  where 
the  public  may  have  access  to  the  line, 
the  contact  rail  is  protected  by  a  guard 
plank  in  such  a  way  as  to  prevent  acci- 
dental contact  and  still  allow  of  the 
passage  of  the  shoes.  Elsewhere  the 
rail  is  without  protection  of  any  sort. 
The  disposition  of  the  rail  guard  is 
very  well  shown  in  the  illustrations 
on  this  page.  . 

All  the  vehicles  at  present  in  service 
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on  the  railway  are  equipped  with  mo- 
tors and  comprise  eight  different  types, 
namely,  front  baggage  vans,  first-class 
carriages,  second-class  carriages,  com- 
bined first  and  second-class  carriages, 
and  three  types  of  goods  wagons. 

Each  motor  truck  has  two  axles  with 
36-inch  wheels,  and  each  axle  is  driven 
independently  by  an  electric  motor. 
The  motors  are  designed  to  run  at  a 
speed  of  275  revolutions  per  minute, 
and  are  individually  capable  of  work- 
ing at  the  rate  of  65  horse-power  dur- 
ing a  continuous  run  of  two  hours 
without  excessive  rise  of  temperature, 
while  for  short  periods  double  this 
power  can  be  obtained  from  them. 

Owing  to  the  narrow  gauge  of  the 
line — one  metre — the  space  inside  the 
truck  frame  is  somewhat  restricted, 
and  in  consequence  the  motor  shaft  is 
placed  at  right  angles  to  the  axles, 
necessitating  the  use  of  bevel  gearing. 
The  gear  wheels  are  of  steel  with  ma- 
chine-cut teeth,  and  work  in  a  bath  of 
oil.  The' larger  of  the  two  gears  is 
mounted  on  the  axle,  to  which  it  is 
attached  by  a  flexible  spring  coupling 
provided  for  the  purpose  of  lessening 
vibration  and  the  effect  of  sudden 
strains  on  the  armature.  The  motor 
frame  is  pivoted  at  the  driving  end  on 
two  arms  which  embrace  the  axle, 
while  the  other  end  is  supported  on 
springs  attached  to  the  truck  frame. 
In  this  way,  while  the  motor  has  a 
flexible  support  and  is  free  to  move  to 
a  limited  extent,  the  exact  relative  posi- 
tions of  the  gear  wheels  to  one  another 
are  always  maintained. 

To  make  contact  with  the  third  rail, 
each  truck  is  provided  with  four  col- 
lector shoes,  two  being  fitted  on  each 
side.  The  shoes  are  supported  on  a 
system  of  hinged  joints,  and  are 
pressed  downwards  by  springs  so  that 
they  follow  any  inequality  in  the  height 
of  the  rail  and  always  make  good  con- 
tact with  it.  The  brackets  to  which 
the  shoes  are  attached  are  bolted  to 
the  extreme  ends  of  the  truck  frame, 
but  are,  of  course,  insulated  from  the 
frame. 

For  starting,  stopping,  reversing 
and  varying-  the  speed,  each  vehicle  is 
provided  with  a  controller,  the  handle 
of  which  can  occupv  any  one  of  eleven 
different  positions.  Of  these,  the  centre 
one  is  "off"  position,  five  are  used  for 
going  forward,  and  the  other  five  for 
reversing.  Of  the  five  working  posi- 
tions, three  are  employed  in  starting, 
the  fourth  for  running  at  normal  speed, 
and  on  the  fifth  a  higher  speed  can  be 
obtained  by  reducing  the  excitation  of 
the  motor  fields. 

Each  vehicle  can  be  controlled  inde- 
pendently by  hand  by  means  of  a  re- 
movable crank  applied  to  the  con- 
troller, but  such  a  method  is  rarely  em- 
ployed except  in  shunting  operations. 


When,  as  is  usually  the  case,  a  train 
of  from  four  to  six  vehicles  is  being 
run,  the  controllers  in  all  the  vehicles 
are  worked  simultaneously  by  com- 
pressed air  motors  whose  action  is  reg- 
ulated solely  from  a  driving  cab  fitted 
in  the  front  of  the  luggage  van  at  the 
head  of  the  train.  For  this  purpose  an 
air  motor  is  fitted  on  the  truck  frame  be- 
neath each  electric  controller.  These 
air  motors  are  coupled  to,  and  set  in 
motion  by,  a  master  air  controller  fitted 


illustration  of  the  power  station  on 
page  242  the  brake-rail  can  be  seen  in 
the  centre  of  the  line. 

The  seats  of  the  carriages  are  dis- 
posed at  right  angles  to  the  length, 
with  a  passage  down  the  middle.  The 
lighting  is  by  means  of  incandescent 
electric  lamps  and  the  heating  by  elec- 
tric radiators  underneath  the  seats. 
Sitting  accommodation  is  provided  for 
twenty-four  first-class  passengers  in 
each  carriage,  while  the  second-class 


in  the  cab,  so  that  to  place  the  electric  carriages  have  seats  for  twenty-eight 
controllers  on  each  vehicle  in  any  de-  persons.  In  addition,  at  each  end  of 
sired  position  the  driver 
has  simply  to  move  a 
hand  wheel  to  the  right 
or  left,  when  each  air  mo- 
tor moves  its  controller 
over  to  a  corresponding 
degree.  Accordingly,  the 
control  of  a  train  is  as 
easily  and  quickly  effected 
as  that  of  a  single  vehicle. 

Power  for  working  the 
compressed  air  controll- 
ing gear  and  also  for  the 
brakes  is  derived  from 
a  motor-driven  air  com- 
pressor in  the  luggage 
compartment  behind  the 
driver.  In  addition  to 
the  master  controller, 
there  is  fitted  in  the  cab 
various  other  apparatus  re- 
quired for  working  the 
train,  including  a  connec- 
tion box  and  automatic 
cutout  for  the  motors,  the 
latter  set  to  open  the  cir- 
cuit at  400  amperes,  an 
ammeter,  a  speed  indica- 
tor, switch  gear  for  the 
compressor  motor  and  for 
the  lighting  and  heating 
circuits  of  the  train,  hand 
and  air  brake  levers,  and 
a  whistle,  also  worked  by 
compressed  air.  On  the 
roof  are  fitted  air  reser- 
voirs, while  beneath  the 
floor  of  the  cab,  and  also 
of  the  various  other  ve- 
hicles, are  suspended  the  air  motors 
and    the    several    starting  resistances. 

The  brakes,  as  has  been  mentioned, 
may  be  worked  by  hand  or  by  com- 
pressed air,  and  are  of  two  types.  For 
ordinary  service,  each  wheel  is  pro- 
vided with  a  shoe  brake  acting  on  the 
rim  in  the  customary  manner.  For 
additional  safety  a  double- jaw  brake 
is  provided  which  grips  the  sides  of  a 
rail  fixed  in  the  centre  of  the  perma- 
nent way  slightly  above  the  level  of  the 
running  rails.  This  brake-rail  is  laid 
down  only  on  the  heavy  grades.  Un- 
der ordinary  conditions  the  wheel 
brakes  only  are  used,  the  jaw  brakes 
being  reserved  for  emergencies  or  in 
case  of  prolonged  stoppage.     In  the 


ONE  OF  THE  FIRST-CLASS   CARRIAGES.       AN"    ELECTRIC   CONTACT 

SHOE    CAN    BE   SEEN    AT    THE   RIGHT   OF   THE 

CONDUCTOR    RAIL    SECTION 


the  carriages  01  both  classes  a  covered 
platform  affords  standing  room  for 
four  persons.  The  windows  are  ex- 
cellently arranged,  providing  ample 
ventilation  and  an  uninterrupted  view 
of  the  scenery.  Each  passenger  car- 
riage weighs  about  19  tons  when 
empty. 

The  goods  wagons  have  a  platform 
at  one  end  only,  on  which  are  mounted 
the  controller,  an  automatic  cutout  and 
the  hand-brake  levers.  In  other  re- 
spects their  construction  is  not  very 
different  from  that  of  the  goods  wag- 
ons of  an  ordinary  steam  railway.  The 
weieht  of  a  goods  wagon  when  empty 
ranges  from  18  to  20  tons,  according 
to  the  type,  while  the  carrying  capacitv 
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A    VIEW    ALONG    THE    PIPE    LINE.       SOME   OF    THE    OVERHEAD    FEED    WIRES    CAN 

HERE    ALSO    BE    SEEN 


of  all  three  types  is  about  10  tons.  The 
tare  of  the  wagons  is  thus  high  in  pro- 
portion to  the  load  carried ;  but  this  is 
due  to  the  fact  that  each  wagon  has 
its  own  motors,  and  is  in  consequence 
an  independent  unit,  capable,  if  need 
be,  of  making  a  journey  unassisted 
and  of  performing  its  own  shunting. 

The  speed  which  the  trains  attain  on 
the  level  is  at  the  rate  of  about  25  miles 
an  hour ;  when  ascending  a  2  per  cent, 
incline,  15-J  miles;  and  on  the  heaviest 
inclines  of  8  and  9  per  cent.,  8  miles. 


The    International    Electrica.1    Con- 
gress   a.t   St.    Louis 

THE  following  papers  have  been 
promised  for  Section  A — the 
section   on   "Theory,"   of   the 
International  Electrical  Congress,  to 
be   held   at   St.   Louis   this    summer, 


Prof.  E.  L.  Nichols  being  chairman, 
and  Prof.  H.  T.  Barnes,  secretary: — 

Prof.  Dr.  Paul  Drude,  "Metallic 
Conduction." 

Prof.  Dr.  W.  Jaeger,  "Electrical 
Standards." 

Sir  Oliver  Lodge,  F.  R.  S.,  "Ions." 

Prof.  H.  Nagaoka,  "Magneto-Stric- 
tion." 

Prof.  J.  J.  Thomson,  F.  R.  S.  (sub- 
ject to  be  announced). 

Prof.  J.  S.  Townsend,  F.  R.  S.,  "The 
Theory  of  Ionization  by  Collision." 

Mons.  J.  Violle,  "Secondary  Stand- 
ards of  Light." 

C.  T.  R.  Wilson,  F.  R.  S.,  "Con- 
densation Neuclei." 

Prof.  P.  Zeemann,  "Magneto-Op- 
tics." 

Prof.  H.  T.  Barnes,  "The  Mechani- 
cal Equivalent  of  Heat  as  Measured 
by  Electrical  Means." 


Dr.  Carl  Barus,  "Atmospheric 
Neuclei." 

Dr.  Louis  A.  Bauer,  "The  State  of 
Our  Knowledge  Regarding  the 
Earth's  Magnetism." 

Prof.  D.  B.  Brace,  "Magneto-Op- 
tics." 

Prof.  H.  S.  Carhart  and  G.  W.  Pat- 
terson, Jr.,  Ph.D.,  "The  Absolute  Val- 
ue of  the  Electromotive  Force  of  the 
Clark  and  Weston  Cells." 

Prof.  C.  D.  Child,  "The  Electric 
Arc." 

Dr.  K.  E.  Guthe,  "Coherer  Action." 
Prof.  E.  P.  Lewis,  "Electrical  Dis- 
charges in  Gases." 

Prof.  L.  T.  More,  "Electrostric- 
tion." 

Prof.  E.  F.  Nichols,  "The  Unob- 
tained  Wave-Lengths  Between  the 
Longest  Thermal  and  the  Shortest 
Electric  Waves  yet  Measured." 

Prof.  E.  L.  Nichols,  "Standards  of 
Light." 

Harold  Pender,  Ph.D.,  "Magnetic 
Effect  of  Moving  Charges." 

Dr.  M.  I.  Pupin,  "Electrical  The- 
ory." 

Dr.  Edward  B.  Rosa,  "Alternating 
Current  Measurements." 

Prof.  E.  Rutherford,  "Radioactive 
Change." 

Prof.  J.  C.  McLennan,  "Radioac- 
tivity of  the  Atmosphere." 

Prof.  J.  Trowbridge,  "Electrical 
Discharge  in  Gases." 

Prof.  A.  G.  Webster,  "Electrical 
Theory." 

It  is  evident  from  the  above  list  that 
an  excellent  programme  has  been  se- 
cured. Acceptances  of  membership 
in  the  congress  are  over  1300  up  to 
the  present  time,  and  150  papers  have 
been  promised  in  all.  The  following 
societies  have  all  promised  to  hold 
conventions  at  St.  Louis,  during  the 
congress  week,  and  to  hold  conven- 
tions with  one  of  more  sections  of  the 
congress : — 

The  American  Institute  of  Electri- 
cal Engineers. 

The  American  Physical  Society. 

The  American  Electro-Chemical 
Society. 

The  American  Electro-Therapeutic 
Association. 

The  International  Association  of 
Municipal  Electricians. 

The  British  Institution  of  Electrical 
Engineers  has  also  arranged  to  co- 
operate under  some  plan,  the  details 
of  which  have  not  yet  been  deter- 
mined. 

The  following  bodies  have  promised 
to  co-operate  by  sending  delegates: — 

The  Societe  Internationale  des 
fUectriciens. 

The  National  Electric  Light  Asso- 
ciation. 

The  Association  of  Edison  Illumi- 
nating Companies. 


Electrical  and    Mechanical   Progress 


A  Portable  Variable-Speed  Motor- 
Drive 

IT  is  often  a  matter  of  delay  and  ex- 
pense   to    remove    a    completed 
machine  from  the  erecting  floor 
or   other   place   to   the   testing   room 
where  suitable  provision  is  made  for 


tended  not  only  for  driving  lathes  in 
testing,  but  also  for  various  other 
uses. 

The  drive,  a  simple  combination  of 
an  electric  motor  with  a  variable- 
speed  device,  is  carried  within  suitably 
arranged  housings  mounted  on  truck 
wheels.  The  motor  is  of  3^  horse- 
power, running  at  a  con- 
stant speed  of  1200  revolu- 
tions per  minute.  The  con- 
stant-speed shaft  of  the  va- 
riator  above  is  driven  from 
the  motor  by  a  Renold  silent 
chain.  The  variable-speed 
shaft  may  be  driven  at  50, 
66,  95,  123,  166.  219,  303  or 
400  revolutions  per  minute, 
thus  making  available  eight 
speeds  of  the  belt  driv- 
ing a  lathe  or  other  ma- 
chine from  the  9  inch  x  3 
inch  pulley,  which  is  car- 
ried at  the  left-hand  end  of 
the   variable-speed    shaft 


the  time  and  care  which  would  other- 
wise be  necessary  in  setting  the  drive 
to  suit  a  belt  of  given  length. 


A   VARIABLE- SPEED    MOTOR-DRIVE.       MADE    BY   THE   LODGE    &    SHIPLEY    MACHINE    TOOL 

COMPANY,     CINCINNATI 


driving.  To  avoid  this,  the  Lodge  & 
Shipley  Machine  Tool  Company,  of 
Cincinnati,  Ohio,  have  put  into  ser- 
vice in  their  tool  testing  room  a  por- 
table drive  of  the  kind  shown  in  the 
accompanying  cut.     The  outfit  is  in- 


The  height  of  the  driving  pulley  is 
such  as  to  afford  good  lead  of  the  belt 
to  the  machine  under  test.  A  small, 
double-flanged  pulley,  hung  from  a 
swinging  arm,  serves  as  a  tightener  in 
adjusting  the  belt  tension,  and  reduces 


Electrically  Driven  Worthington 
Turbine  Pumps 

OF  the  several  types  of  centrifugal 
pump  now  put  on  the  market 
by  H.  R.  Worthington,  Inc.,  of 
New  York,  special  interest  is  attached 
to  their  so-called  turbine  pump,  illus- 
trated on  the  following  pages,  and  in- 
tended for  very  high  lifts,  up  to  and 
even  exceeding  2000  feet. 

In  this  pump  the  impeller  is  similar 
to  that  of  the  ordinary  centrifugal 
pump,  but  after  leaving  it,  the  water  is 
received  by  a  system  of  diffusion  vanes 
similar  in  construction  but  the  op- 
posite in  function  to  the  guide  blades 
of  a  pressure  turbine  water  wheel. 
The  water  delivered  at  high  velocity 
from  the  impeller  enters  the  passages 
between  these  blades  through  open- 
ings having  a  small  cross  section. 
The  area  of  the  cross  section  of  the 
channel  gradually  enlarges,  so  that  by 
the  time  the  water  reaches  the  dis- 
cbarge chamber  it  has  been  brought 
almost  to  rest  without  shock  or  fric- 
tion, converting  its  energy  of  motion 
into  energy  of  static  head  in  a  very 
efficient  manner. 

One  of  the  difficulties  presented  by 
high-lift  centrifugal  pumps  has  been 
the  great  peripheral  speed  required 
when  only  a  single  impeller  is  em- 
ployed. This  has  been  overcome  in 
the  Worthington  multi-stage  turbine 
pump  by  mounting  a  number  of  discs 
or  impellers,  each  operating  in  a  sepa- 
rate chamber,  upon  a  single  shaft  and 
passing  the  water  through  the  impel- 
ler chambers  in  succession.  The  lift 
can  thus  be  multiplied  three,  four  or 
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DISCHARGE 


FIG.     I. — DIFFERENT     WAYS     OF     STARTING    A    CENTRIFUGAL     PUMP 


five  times,  while  the  number  of  revo- 
lutions is  kept  within  such  bounds 
that  it  is  possible  to  connect  the  pump 
directly  to  a  steam  engine  or  an  elec- 
tric motor. 

Figs.  2  and  3  represent  horizontal 
shaft  pumps,  while  Fig.  4  shows  a 
vertical  shaft  design.  It  is  frequently 
found  necessary  to  locate  a  centrifugal 
pump  in  a  pit  below  the  floor  level,  in 
order  to  get  within  suction  distance 
of  the  water  supply.  In  cases  of  this 
kind  the  vertical  centrifugal  has  been 
extensively  used  and  has  proved  very 
satisfactory.  The  pumps  can  be  either 
belted  or  connected  directly  to  verti- 
cal motors.  The  latter  method  makes 
an  ideal  pumping  plant,  as  the  motor 
can  be  located  above  ground  where  it 
is  free  from  all  moisture  and  can  re- 
ceive proper  care.  The  design  of  the 
pump  is  such  that  it  requires  very  little 
attention,  and  it  is  necessary  for  the 
attendant  to  go  down  into  the  pit  only 
at  long  intervals.  A  number  of  these 
pumps  are  being  used  at  blast  fur- 
naces and  steel  mills  for  general  water 
service.  They  are  also  widely  used  in 
irrigation  for  pumping  from  wells  in 
which  the  water  level  fluctuates  great- 
ly, often  submerging  the  pump  and 
rendering  the  use  of  horizontal  belted 
or  motor-driven  pumps  inadmissible. 

The  electric  motor  enters  a  widened 
field  of  usefulness  through  the  im- 
provement of  the  centrifugal  pump, 
as  the  two  are  perfectly  adaptable  to 


each  other.  A  motor-driven  pump  set 
is  very  similar  in  operation  to  a  motor- 
generator  set,  the  output  being  water 
under  pressure  in  the  first  case,  in- 
stead of  electric  current.  At  constant 
speed  the  power  and  output  are  in- 
versely proportional  to  the  resistance 
to  flow,  and  the  efficiency  is  practi- 
cally constant  within  wide  limits. 

The  operation  of  the  pumps  by  elec- 
tric motors  is  often  a  complicated 
problem.  First  of  all,  there  are  very 
few  places  where  a  constant  delivery 
of  water  is  wanted.  To  vary  the 
quantity,  then,  it  is  necessary  either  to 


vary  the  speed  of  the  motor  or  to  pro- 
vide a  complicated  and  unsatisfactory 
system  of  by-pass  valves,  both  of 
which  methods  are  in  general  waste- 
ful of  power  and  unsatisfactory  in  op- 
eration. In  some  cases  automatic  de- 
vices are  installed,  intended  to  stop 
and  start  the  motor  whenever  the 
pressure  falls  short  of  or  exceeds  cer- 
tain limits.  In  the  centrifugal  pump, 
on  the  other  hand,  the  flow  is  auto- 
matically regulated  by  the  pressure 
and  the  pump  may  be  so  designed 
that  this  regulation  will  be  very  close 
and  exact. 

The  centrifugal  pump  is  noiseless 
and  the  speed  can  be  made  to  fit  the 
requirements  of  the  motor.  There  is 
no  shock  or  pulsation  in  the  piping 
and  nothing  disastrous  happens  if  the 
discharge  is  stopped.  In  the  case  of 
alternating-current  motors  the  centrif- 
ugal pump  has  a  decided  advantage  in 
that  the  starting  torque  is  very  low, 
especially  if  the  discharge  valve  is 
closed. 

Fig.  1  illustrates  several  methods  of 
starting  centrifugal  pumps.  Before 
starting,  the  pump  casing  and  suction 
line  must  be  filled  with  the  fluid  to  be 
pumped,  as  machines  of  this  type  will 
not  create  a  vacuum  of  any  moment 
without  first  being  primed.  Numer- 
ous devices  are  employed  for  this  pur- 
pose, but  the  methods  here  illustrated 
are  those  most  generally  used. 

The  upper  diagram  shows  a  multi- 
stage turbine  pump  with  an  ejector 
for  priming.  The  ejector  is  connect- 
ed to  the  highest  point  on  the  pump 
casing,  and  either  steam,  air  or  water 
under  pressure  may  be  employed  to 
produce  a  vacuum. 

The  middle  diagram  shows  an 
auxiliary  hand  pump  mounted  on  top 
of  the  discharge  casing.  When  the 
pump  is  ready  to  start,  the  gate  valve 
auxiliary  hand  pump  mounted  on  top 
erating  the  hand  pump  a  vacuum  is 


FIG.    2. A    FIVE-STAGE    WORTHINGTON    TURBINE    PUMP.       THIS    ILLUSTRATION     CONVEYS    AN 

EXCELLENT  GENERAL  IDEA  OF  THE  WORTHINGTON  MULTI-STAGE  TURBINE  PUMP  AS  CONSTRUCTED 
FOR  DEEP  MINE  AND  OTHER  SERVICES  WHERE  HEAVY  PRESSURES  ARE  ENCOUNTERED.  THE  FIVE- 
STAGE  PUMP  IS  ADAPTED  TO  ANY  CAPACITY    AND  FOR  HEADS  UP  TO  750  FEET 
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produced  and  the  water  is  drawn  in, 
filling  the  suction  pipe  and  casing. 

The  method  of  priming  shown  in 
the  bottom  diagram  may  be  resorted  to 
where  a  foot  valve  is  used  on  the  suc- 
tion pipe.  Water  is  allowed  to  run 
into  the  pump  until  it  reaches  the  dis- 
charge flange,  when  the  supply  is  shut 
off,  and  the  pump  may  be  started. 
After  the  pump  has  been  properly 
primed,  it  should  be  started  before  the 
gate  valve  on  the  discharge  is  opened. 
When  full  speed  is  reached,  the  dis- 
charge gate  may  be  slowly  opened, 
and  the  pump  will  perform  its  work  in 
a  proper  manner. 


Docks  at  this  Navy  Yard  underwent 
considerable  enlargement,  necessi- 
tating an  immediate  increase  in  an 
electrical    generating  equipment    for 


supplying  light  and  power  to  build- 
ings and  departments. 

In  view  of  this  situation,  it  was  de- 
cided to  supersede  the  dock  pumping 


Stea.m  Turbine  Power  Plant  for 
Boston  Navy  Yard 

AN  interesting  departure  in  engi- 
neering practice  by  the  author- 
ities of  the  United  States  Navy, 
Department  of  Yards  and  Docks,  is 
marked  by  the  introduction  of  West- 
inghouse-Parsons  steam  turbines  for 
furnishing  power  for  lighting  the 
buildings  and  yards,  and  power  for 
operating  dry  dock  pumps  and  mis- 
cellaneous machinery. 

The  initial  installation  of  this  char- 
acter is  in  progress  of  construction  at 
the  Charlestown  Navy  Yard,  Boston, 
Mass.,  and  for  the  present  ofie  West- 
inghouse-Parsons  turbine  generating 
unit  of  750  K.  W.  capacity  will  be 
there  placed  in  service.  This  turbine 
will  be  of  the  new  short-barreled  type, 
and  is  now  under  construction  at 
Pittsburgh.  A  Worthington  surface 
condenser  will  be  employed,  using  salt 
water  for  circulation.  The  condensers 
will  be  located  between  the  founda- 
tions, which  consist  of  concrete  piers. 
A  running  vacuum  of  28  inches  will 
be  secured  by  a  dry  air  pump.  Steam 
will  be  furnished  at  150  pounds  pres- 
sure by  Babcock  &  Wilcox  boilers  in 
units  of  350  H.  P.,  equipped  with 
Roney  mechanical  stokers.  Coil  su- 
perheaters in  the  boiler  settings  will 
furnish  to  the  turbine  steam  super- 
heated about  100  degrees  Fahr.  The 
boiler  house  will  be  equipped  with  a 
complete  outfit  of  coal  and  ash  hand- 
ling machinery. 

The  present  power  plant  is  the  out- 
come of  an  appropriation  made  in 
1898  by  Congress  for  a  dry  dock  and 
pumping  plant  to  be  located  at  the 
Charlestown  Navy  Yard.  The  new 
plans  for  a  dry  clock  equipment  pro- 
vide for  a  power  plant  located  near 
the  outer  end  of  the  new  dock  with 
piping  connections  to  both  old  and 
new  docks,  so  that  the  one  pumping 
plant  would  be  able  to  handle  them 
simultaneously  or  separately.  During 
the  period  of  .construction  of  the  new 
dock,  the  Department  of  Yards  and 

4-9 


FIG.  3. — A  FOUR-STAGE  TURBINE  PUMP  WITH  THE  DRIVING  MOTOR  ENCLOSED  IN  A  CAST- 
IRON  HOUSING.  THIS  MACHINE  WAS  CONSTRUCTED  FOR  MINE  SERVICE  IN  MEXICO,  WHERE  THE 
MINES  ARE  FREQUENTLY  FLOODED,  AND  THE  DESIGN  PERMITS  CONTINUOUS  PUMPING  EVEN. 
THOUGH  THE  MOTOR  AND  PUMP  BE  SUBMERGED  TO  A  DEPTH  OF  SEVERAL  HUNDRED  FEET. 
CAPACITY,    2O0   GALLONS   PER   MINUTE  AGAINST  SOO   FEET    HEAD. 


FIG.  4. — A  TWELVE-INCH,  TWO-STAGE,  VERTICAL  WORTHINGTON  TURBINE,  DESIGNED  FOR 
DIRECT-CONNECTION  TO  A  VERTICAL-SHAFT  MOTOR.  FOR  GENERAL  WATER  SERVICE  IN  A  LARGE 
STEEL  PLANT.      CAPACITY,  5,000,000  GALLONS  PER  DAY  AGAINST  I4O  FEET  HEAD 
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plant,  originally  provided  for,  by  a 
central  lighting",  power  and  heating 
plant  for  the  entire  department,  al- 
though retaining  the  dry  dock  equip- 
ment, which  will  now  be  electrically 
driven  from  the  central  station.  It  is 
also  intended  to  supply  from  this  plant 
electric  light  and  power  to  the  vessels 
docking  which  do  not  happen  to  be 
under  steam.  The  power  system  as 
now  under  construction  is,  therefore, 
considerably  more  comprehensive  than 
originally  laid  out. 

The  turbine  plant  will  supply  three- 


tedium  and  inconvenience  involved  in 
making  three  observations,  a  multi- 
plication and  a  division,  there  is  an 
evident  liability  of  error  caused  by  the 
number  of  operations  required  to  ob- 
tain the  result,  which  is  increased  by 
the  fact  that  readings  are  taken  suc- 
cessively and  not  at  the  same  instant. 
The  inaccuracy  of  such  a  method  is 
demonstrated  by  the  fact  that  by  its 
use  there  may  be  shown  a  power  fac- 
tor of  over  100  per  cent. — a  physical 
impossibility. 

It  has  been  found  possible  to  avoid 


A    NEW    PORTABLE    POWER  FACTOR    METER    MADE   BY  THE    WESTINGHOUSE   ELECTRIC    & 
MANUFACTURING   COMPANY,    PITTSBURG 


phase  current  at  2300  volts,  this  volt- 
age being  used  for  general  distribu- 
tion and  for  direct  use  in  larger  mo- 
tors, while  for  lighting,  lower  voltage 
will  be  provided  by  transformation. 
The  turbine  generator  will  be  served 
by  a  37^  K.  W.  Westinghouse  com- 
pound exciter  unit. 

The  engineering  work  is  under 
joint  execution  by  the  Department  of 
Yards  and  Docks  and  the  construct- 
ing engineers, Westinghouse,  Church, 
Kerr  &  Company,  who  are  install- 
ing the  plant. 


A  New  Portable  Power  Factor 
Meter 


'~1-^HE  ordinary  method  of  ascer- 
A  tabling  the  power  factor  of  a 
polyphase  circuit  by  means  of 
a  comparison  of  the  indicated  volt- 
amperes — a  quantity  obtained  by  the 
multiplication  of  the  indicated  voltage 
by  the  indicated  ampere  output — 
with  the  output  in  watts,  is  open  to 
serious  criticism.     In  addition  to  the 


errors  and  to  simplify  the  process  of 
determining  the  power  factor  of  a 
polyphase  circuit  by  employing  a  sin- 
gle instrument  which  indicates  direct- 
ly upon  a  scale  the  power  factor  of  a 
circuit,  reproducing  on  the  dial,  by 
the  position  of  a  pointer,  the  angle  of 
phase  difference,  and  giving  the  actual 
power  in  percentage  of  the  apparent 
power.  Such  an  instrument  made  in 
suitable  form  for  testing  purposes  is 
shown  in  the  accompanying  illustra- 
tion of  the  new  portable  power  factor 
meter  made  by  the  Westinghouse 
Electric  &  Manufacturing  Company. 
It  operates  with  equal  facility  and  ac- 
curacy on  either  a  leading  or  lagging 
current,  and  indicates  whether  the 
current  leads  or  lags,  whether  power 
is  delivered  to  or  by  the  circuit,  and 
the  power  factor. 

In  principle,  it  consists  of  two  sets 
of  coils,  one  of  which  contains  a  sepa- 
rate series  winding  for  each  of  the 
phases  in  the  circuit,  and  the  other  a 
potential  winding  which  is  connected 
across  one  phase  of  the  circuit.  The 
series  coils  are  so  arranged  as  to  pro- 


duce a  resultant  rotating  field.  A 
small  iron  vane,  passing  through  the 
potential  winding,  forms  movable 
pole-pieces  for  this  winding,  which 
take  up  a  position  in  the  rotating  field 
depending  upon  the  phase  relation  of 
the  currents  producing  this  field  and 
the  voltage  impressed  upon  the  po- 
tential winding.  The  pointer,  at- 
tached to  the  shaft  carrying  the  mov- 
able vane,  indicates  on  a  scale  the 
angle  between  the  current  and  the 
voltage,  the  scale  being  so  graduated 
as  to  read  directly  in  power  factor. 
Should  the  power  factor  of  the  differ- 
ent phases  differ  from  each  other,  the 
instrument  will  indicate  the  average 
power  factor. 

Different  instruments  are  provided 
for  two  and  three-phase  circuits. 
They  are  made  with  the  same  care  and 
accuracy  that  is  employed  in  the  man- 
ufacture of  the  other  Westinghouse 
testing  instruments,  are  finely  finished 
and  provided  with  covers  which  are 
made  removable  for  convenience  in 
use. 


A  1500  K.  VV.  Alternator  for 
St.  Louis 

THE  National  Electric  Company, 
of  Milwaukee,  Wis.,  have 
installed  at  the  Central 
Power  Station  at  St.  Louis  one 
of  their  large  alternators,  direct- 
connected  to  a  2250  H.  P.  Hamilton 
Corliss  vertical  cross-compound  en- 
gine. The  rated  output  is  1500  K. 
W.,  25  cycles,  6600  volts,  running  at 
83  revolutions  per  minute.  The 
power  generated  will  be  used  for  va- 
rious purposes. 

Like  all  standard  alternators  built 
by  the  National  Electric  Company, 
it  is  of  the  ^evolving  field  type,  leav- 
ing the  armature  stationary  and  easily 
accessible,  and  the  difficulty  of  prop- 
erly insulating"  the  armature  coils  is 
eliminated  as  the  windings  are  not 
subject  to  any  mechanical  strains 
whatever.  The  revolving  field  is  of 
large  diameter,  giving  additional  fly- 
wheel effect  to  the  engine,  and  the 
construction  of  the  field  coils  makes 
them  practically  indestructible.  All 
parts  are  accessible,  and  the  method  of 
ventilation  insures  low  temperatures. 
The  revolving  field  is  made  of  cast- 
steel  in  halves,  these  being  bolted  and 
secured  together  by  shrunk  links. 
The  rim  of  the  wheel,  to  which  the 
cast-steel  pole  pieces  are  bolted,  is  of 
channel  cross-section.  The  field  coils 
comprise  sixty-five  turns  of  i|  x  | 
inch  copper  strap,  wound  on  edge 
and  thoroughly  insulated,  the  outer 
edge  of  the  coil  being  exposed  to  the 
atmosphere  for  cooling.  Laminated 
pole-shoes  are  secured  to  the  ends  of 
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the  pole  pieces  and  serve  to  hold  the 
field  coils  in  position.  These  shoes 
cover  a  large  polar  arc,  distributing 
the  magnetic  flux  evenly. 

The  frame  is  a  circular  cast-iron 
housing  into  which  laminated  punch- 
ings  with  inwardly  projecting  teeth 
are  assembled,  for  the  reception  of  the 
armature  windings.  The  frame  is  ex- 
tremely heavy  and  stiff,  not  requiring 
any  external  support,  and  is  divided 
horizontally,  the  halves  being  firmly 
bolted  and  keyed  together.  Bolts  and 
keys  are  contained  entirely  within  the 
cross-section,  obviating  the  use  of 
side  lugs.  Large  open  spaces  are 
provided  in  the  sides  of  the  frames, 
allowing  a  free  passage  of  air  from 
the  ventilating  ducts  in  the  core. 

The  armature  core  is  built  up  of 
laminated  soft  steel  punchings,  an- 
nealed and  japanned  before  assemb- 
ling, and  ventilating  space  blocks  are 
inserted  at  suitable  intervals,  provid- 
ing openings  extending  around  the 
circumference  and  allowing  a  free  pas- 


sage 


for    the    heat  generated  in  the 


windings.  There  are  six  slots  per  pole, 
2.\  inches  deep  x  \\  inches  wide,  each 
being  wound  with  fourteen  conduct- 
ors of  0.37  inches  x  0.28  inches  com- 
pressed copper  strand.  The  internal 
diameter   of  the   armature   is  slightly 


SELF-CLOSING  GAUGE  COCK,  MADE  BY  THE 
LIBBY  MANUFACTURING  COMPANY,  NEW 
YORK 

over  16  feet,  and  the  width  of  the  core 
is  16  inches.  Cast-iron  collector  rings 
and  carbon  brushes  are  used.  The 
net  weight  of  the  alternator  is  135,000 
pounds. 

A  Self-Closing  Gauge-Cock 

ONE  of  the  latest  inventions  in  the 
line  of  gauge  cocks  is  shown  in 
the  annexed  illustration,  which 
represents  a  self-closing  cock  recently 


brought  out  by  the  Libby  Manufac- 
turing Company,  of  New  York  City. 
The  cock  is  made  in  three  parts,— 
body,  handle  and  stem,  the  last  being 
connected  to  the  handle  which,  in 
turn,  is  engaged  to  the  body  of  the 
cock  by  having  a  thread  of  large  pitch 
cut  in  both  body  and  handle.  The 
seat  being  in  the  body  of  the  cock  and 
is  closed  by  the  steam  pressure  acting 
with  the  stem  against  the  body,  there- 
by making  an  absolute  tight  joint. 
When  the  chain  attached  to  the  handle 
is  pulled,  the  latter  turns  and  advances 
the  stem  which  opens  the  cock;  on 
releasing  the  chain,  the  torsion  of  the 
spring  will  move  the  handle  back  to 
its  original  position,  closing  the  cock. 


Electrolytic  Drilling 

DRILLING  by  means  of  the  elec- 
tric arc  has  been  used  to  some 
extent,  notably  in  drilling  ar- 
mor plate.  In  this  process,  the  plate 
to  be  drilled  is  one  electrode,  con- 
nected to  one  terminal  of  a  generator, 
and  a  carbon  electrode  connected  to 
the  other  terminal  of  the  generator  is 
held  against  the  plate.  Another 
process  is  to  soften  the  plate  locally 
by  an  electric  current,  making  the 
place  to  be  drilled  the  resistance  in 
the  electric  circuit,  and  then  drilling 
out  in  the  ordinary  manner. 

Sherard  Cowper-Coles  has  under- 
taken some  experiments,  described 
in  the  "Electrochemist  and  Metal- 
lurgist" of  London,  with  the  object  of 
ascertaining  whether  it  is  possible  to 
drill  and  slot  holes  electrolytically  at 
a  sufficiently  rapid  rate  to  be  of  com- 
mercial value.  Such  a  process  would 
have  many  advantages,  as  holes  of  any 
shape  could  be  drilled  in  hardened  ar- 
mor plates  and  could  be  pierced  with- 
out drawing  the  temper. 

In  the  first  experiments  the  electro- 
lyte was  projected  on  the  iron  to  be 
drilled,  a  current  of  electricity  being 
caused  to  flow  from  the  metal  to  be 
drilled  through  the  jet  of  liquid,  and 
thus  back  to  the  generator.  This 
method  was  found  to  be  fairly  satis- 
factory, but  the  holes  were  not  suf- 
ficiently true.  A  different  nozzle  was 
then  constructed,  the  electrolyte  being 
rapidly  circulated  through  the  nozzle, 
and  round  a  baffle  plate  placed  down 
the  center,  so  as  to  get  rapid  circula- 
tion. A  pointed  rod,  fitted  in  a  gland, 
was  so  arranged  as  to  be  near  the  end 
of  the  baffle  plate.  In  this  apparatus 
the  rod  forms  the  negative  electrode, 
on  which  the  iron  is  deposited  in  a 
powder,  due  to  the  high  current  den- 
sity, and  is  washed  away  by  the  rap- 
idly circulating  electrolyte.  The  end 
of  the  nozzle  is  fitted  with  a  remova- 
ble rubber  washer,  the  shape  and  size 


of  the  hole  to  be  drilled  are  deter- 
mined by  the  shape  and  size  of  the 
rubber  washer.  Some  of  the  best  re- 
sults when  drilling  iron  have  been  ob- 
tained with  a  solution  of  sulphuric 
acid.  Good  results  have  also  been  ob- 
tained with  ordinary  salt  water. 

As  in  the  case  of  the  arc  drilling 
device,  the  plate  is  made  one  electrode 
and  the  point  rod  the  other.  The 
parts  can  be  so  arranged  as  to  work 
from  both  sides  of  the  plate  to  be 
drilled,  the  plate  being  made  one  elec- 
trode and  current  flowing  from  it  to  the 
two  nozzles.  The  electrodes  may  also 
be  mounted  concentrically  in  a  revolv- 
ing head  similar  to  that  of  a  lathe. 
This  gives  to  the  electrode  points  a 
circular  motion  which  is  adaptable  to 
cutting  out  large  holes,  as,  for  in- 
stance, manholes  in  boiler  plates.  Of 
course,  for  drilling  a  small  hole,  the 
electrodes  are  forced  straight  through 
without  circular  motion. 


Persorva.1 


Professor  W.  E.  Goldsborough, 
chief  of  the  Department  of  Electricity 
at  the  St.  Louis  Exposition,  who  has 
contributed  to  this  issue  an  article  on 
the  St.  Louis  electrical  features,  grad- 
uated from  Cornell  University  with 
the  degree  of  M.  E.  For  a  time  he 
had  charge  of  the  electrical  work  of 
the  International  Correspondence 
Schools  at  Scranton,  Pa.  In  1893  he 
was  appointed  Professor  of  Electrical 
Engineering  of  Arkansas  University, 
at  Fayetteville.  The  following  year 
he  was  called  to  Purdue  University  as 
associate  professor  of  electrical  engi- 
neering. In  1896  he  was  made  full 
professor,  and  in  the  succeeding  year 
was  elected  director  of  the  electrical 
laboratory.  He  has  been  connected 
with  various  expositions  since  1893, 
having  been  a  member  of  the  Inter- 
national Electrical  Congress  at  Chi- 
cago, and  was  connected  in  an  official 
way  with  the  expositions  of  Omaha 
and  Buffalo.  He  was  one  of  the  dele- 
gates of  the  American  Institute  of 
Electrical  Engineers  at  the  Paris  Ex- 
position in  1900.  He  is  a  member  of 
numerous  engineering  and  scientific 
societies,  being  one  of  the  board  of 
managers  of  the  American  Institute 
of  Electrical  Engineers,  a  member  of 
the  Institution  of  Electrical  Engineers 
of  England,  the  Franklin  Institute, 
the  American  Association  for  the  Ad- 
vancement of  Science,  the  Society  for 
the  Promotion  of  Engineering  Edu- 
cation, the  National  Electric  Light 
Association,  the  American  Electro- 
Chemical  Society  and  the  American 
Electro  -  Therapeutic  Association. 
Prof.  Goldsborough  is  well  known  to 
the   engineering  and  scientific   world 
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through  numerous  contributions  to 
the  "Transactions  of  the  American 
Institute  of  Electrical  Engineers,"  and 
papers  read  before  the  National  Elec- 


VV.    E.   GOLDSBOROUGH 

trie  Light  Association  and  other  en- 
gineering societies,  as  well  as  many 
contributions  to  the  scientific  and  elec- 
trical press. 

President  Edgar,  of  the  National 
Electric  Light  Association,  has  asked 
Dr.  S.  S.  Wheeler  to  act  as  chairman 
of  the  committee  to  examine  the 
papers  of  those  competing  for  the 
gold  medal  offered  by  past-president 
Doherty  for  the 
best  paper  on  un- 
derground con- 
struction, to  be 
presented  at  the 
twenty  -  seventh 
convention  of  this 
association.  D  r. 
Wheeler  has  con- 
sented to  serve, 
and  the  other 
members  will  be 
Mr.  Louis  A.  Fer- 
guson and  Mr.  H. 
G.  Stott.  All  of  these  gentlemen  are 
excellent  authorities  on  the  subject, 
and  it  is  hoped  that  the  papers  will 
be  of  a  character  to  make  their  work 
a  most  interesting  one. 

Edwin  R.  Rice,  Jr.,  has  been 
elected  during  the  past  week  a  director 
of  the  General  Electric  Company  to 
fill  the  place  left  vacant  by  the  death 
of  William  C.  Whitney.  Mr.  Rice  is 
a  director  in  several  street  railway 
and  electric  lighting  companies,  and  is 
already  vice-president  of  the  General 
Electric  Company. 


S.   S.   WHEELER 


Kl 


The  Clarkson  School  of  Technol- 
ogy has  just  reprinted  in  pamphlet 
form,  as  part  of  its  "Bulletin,"  the  ad- 
mirable Founder's  Day  Address,  "The 
Success  of  the  Educated  Man,"  de- 
livered by  Dr.  F.  A.  C.  Perrine,  presi- 
dent of  the  Stanley  Electrical  Manu- 
facturing Company,  of  Pittsfield, 
Mass.  Dr.  Perrine  claimed  that  the 
modern  "humanities"  are  really  the 
great  engineering  arts,  and  that  the 
work  of  the  educated  engineer  has  ele- 
vated the  entire  world  up  to  more 
pleasant  places  for  mankind  to  live  in. 

Mr.  B.  G.  Lamme  has  been  pro- 
moted from  acting  chief  engineer  to 
chief  engineer  of  thesWestinghouse 
Electrical  and  Manufacturing  Com- 
of  Pittsburgh. 

H.  W.  Buck,  electrical  engineer  of 
the  Niagara  Falls  Power  Company, 
recently  delivered  a  lecture  before  the 
Electric  Club,  of  Pittsburgh,  on  "The 
Installation  of  Electric  Cables." 

Edwin  Reynolds  of  Milwaukee, 
consulting  engineer  of  the  Allis-Chal- 
m  e  r  s  Company, 
celebrated  the  sev- 
enty -  third  anni- 
versary of  li  i  s 
birth  on  Wednes- 
d  a  y,  March  23. 
He  was  the  recipi- 
ent of  hearty  con- 
gratulations b  y 
officers  and  em- 
ployees of  the 
company  w  i  t  h 
which  he  has  been 
identified  for  so 
many  years.  The 
directors     o  f     the 

German-American  Bank,  of  which 
Mr.  Reynolds  is  president,  presented 
him  with  a  bouquet  of  seventy-three 
American  Beauty  roses. 

Oscar  T.Crosby,  the  electrical  engi- 
neer and  explorer,  has  returned  to 
Paris  from  a  trip  to  Central  Asia 
where  he  explored  almost  inaccessible 
parts  of  Turkestan  and  Thibet.  On 
his  way  to  Thibet  Mr.  Crosby  skirted 
Afghanistan,  visited  Chinese  Turkes- 
stan,  and  later,  traversed  Kashmir  and 
the  Karakorum  caravan  route,  prob- 
ably one  of  the  most  difficult  used  1>\ 
human  beings  to  India.  Mr.  Crosby 
in  1900  explored  by  way  of  Abyssinia 
unknown  regions  of  the  upper  Nile 

John  B.  Allan,  general  manager  of 
sales  of  the  Allis-Chalmers  Company, 
and  Arthur  West,  assistant  chief  en- 
gineer of  the  company,  have  resigned. 
Both  will  take  holiday  and  recreation 
trips  before  resuming  business  con- 
nections. 


EDWIN    REYNOLDS 


William  L.  Saunders,  vice-president 
of  the  Ingersoll-Sergeant  Drill  Com- 
pany, New  York,  has  been  elected 
president  of  the  company  in  succes- 
sion to  the  late  William  R.  Grace. 
George  R.  Elder,  manager  of  the 
manufacturing  department,  has  been 
elected  third  vice- 
president. 


resigned 


Dryer 
his 


W.   L.    SAUNDERS 


Ervin 
has 

position  in  con- 
nection with  the 
W  e  s  t  i  11  ghouse 
Electric  and 
M  a  11 11  f  acturing 
Company,  a  11  d 
has  accepted  an 
appointment  with 
the  Allis  -  Chalmers  Company,  of 
Chicago.  Mr.  Dryer's  connection 
with  the  Westinghouse  Company 
extended  over  a  period  of  sixteen 
years.  He  is  one  of  the  most  compe- 
tent salesmen  in  the  electrical  and  me- 
chanical field,  and  his  wide  acquaint- 
ance throughout  the  western  part  of 
the  United  States  will  be  of  great  ser- 
vice to  the  Allis-Chalmers  Company 
in  the  extensive  new  developments 
which  they  have  undertaken.  Mr. 
Dryer  lias  already  entered  upon  his 
new  duties.  His  headquarters  will  be 
at  the  Allis-Chalmers  Company's  of- 
fices in  the  New  York  Life  Building, 
Chicago.  He  will  give  his  attention 
to  their  engine  work,  as  well  as  to  the 
sale  of  Bullock  electrical  apparatus, 
which  the  Allis-Chalmers  Company 
now  control  through  their  acquisition 
of  the  Bullock  Electrical  Manufactur- 
ing Company,  of  Cincinnati. 

Mr.  W.  F.  Warden,  president  and 
general  manager  of  the  Burt  Manu- 
facturing Company,  Akron,  Ohio, 
makers  of  the  Cross  oil  filter  and  the 
Burt  exhaust  head,  sailed  on  April  15 
for  Europe.  Mr.  Warden  goes  in  the 
interest  of  his  company,  which  has  a 
large  foreign  trade  in  all  the  principal 
countries  of  the  world.  In  Mr.  War- 
den's absence  Mr.  J.  Asa  Palmer,  sec- 
retary of  the  company,  will  have  full 
direction  of  its  affairs. 

Francis  B.  Allen,  who  has  been 
second  vice-president  of  the  Hartford 
Steam  Boiler  Inspection  &  Insurance 
Company  for  nineteen  years,  was 
elected  first  vice-president  at  the  re- 
cent annual  meeting  of  the  company. 
The  directors  did  not  fill  the  place  of 
president,  vacant  through  the  death  ot 
f.  M.  Allen,  nor  that  of  second  vice- 
president. 

J.  J.  O'Brien,  who  for  more  than 
fourteen  years  has  been  in  the  audit- 
ing, accounting  and  financial  depart- 
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merits  of  the  Chicago  offices  of  the 
General  Electric  Company,  and  for 
the  last  few  years  has  occupied  the  po- 
sition of  cashier  and  chief  clerk,  has 
resigned  to  take  the  position  of  gen- 
eral auditor  with  the  engineering  firm 
of  H.  M.  Byllesby  &  Company,  New 
York  Life  Building,  Chicago,  111. 

Edward  Weston,  of  Newark,  N.  J., 
in  recognition  of  his  work  in  electrical 
science,  both  for  investigations  and 
inventions,  has  received  the  degree  of 
LL.  D.  from  McGill  University. 

Lamar  Lyndon,  of  New  York,  has 
been  retained  as  consulting  engineer 
by  the  Xew  York  &  Honduras  Rosa- 
rio  Mining  Company,  San  Jacinto, 
Honduras,  to  lay  out  a  hydro-electric 
power  and  transmission  plant. 

James  Ross,  of  Montreal,  president 
of  the  Mexican  Light  &  Power  Com- 
pany, Limited,  which  is  building  a 
huge  plant  at  Necaxa  to  generate 
power  for  transmission  to  Mexico 
City  and  the  El  Oro  mining  district, 
is  at  present  in  Mexico  inspecting  the 
progress  made  in  the  work.  He  is 
accompanied  by  F.  L.  Wanklyn,  for- 
merly vice-president  and  general 
manager  of  the  Montreal  Street  Rail- 
way. 

J.  H.  Waugh,  of  Pittsburg,  Pa.,  has 
severed  his  connection  with  the  West- 
inghouse  Electric  &  Manufacturing 
Company  and  has  assumed  the  active 
management  of  the  business  of  the 
Electrical  Equipment  &  Supply  Com- 
pany, of  that  city. 

Mr.  Frank  W.  Frueauff,  auditor  of 
the  Denver  Gas  and  Electric  Com- 
pany, has  been  asked  to  report  on 
office  methods  and  accounting  at  the 
twenty-seventh  convention  of  the  Na- 
tional Electric  Light  Association,  to 
be  held  in  Boston  May  24  to  27.  As 
Mr.  Frueauff  is  familiar  with  the  up- 
to-date  methods  of  keeping  central 
station  accounts,  including  modern 
devices  for  saving  time  and  insuring 
accuracy  in  office  work,  his  report 
promises  to  be  a  valuable  addition  to 
the  programme  of  the  meeting. 

Charles  F.  Case  has  been  appointed 
district  sales  manager  of  the  Nernst 
Lamp  Company's  newly  opened  office 
at  47  State  street,  Detroit,  Mich.  The 
territory  embraced  by  this  office  is  the 
lower  peninsula  of  the  State  of  Michi- 
gan, the  northwestern  part  of  Ohio 
and  the  northeastern  part  of  Indiana. 

Rudolf  Wieser  has  been  commis- 
sioned by  the  Mexican-American 
Company,  49  Wall  street,  New  York, 
to  look  over  the  ground  with  a  view 
to  constructing  an  electric  railway  be- 
tween Guadlajara  and  Lake  Chapala, 


Mexico,  a  distance  of  about  40  miles. 
The  Mexican- American  Company 
also  proposes  to  install  some  lighting- 
plants  in  the  State  of  Jalisco.  E.  H. 
Talbot  is  president  of  the  company. 


American  Institute  of  Electrica.1 
Engineers'  Election 

AT  a  recent  meeting  of  the  Amer- 
ican Institute  of  Electrical  En- 
gineers in  New  York  the  board 
of  directors  placed  in  nomination  the 
following  ticket  containing  the  names 
of  the  proposed  officers  to  be  voted  on 
at  the  annual  election  in  May:— 

For  president — John  W.  Lieb,  Jr., 
New  York. 

For  vice-presidents — W.  E.  Golds- 
borough,    St.    Louis;   John    J.    Carty, 


J.   W.  LIEB,  JR. 
THE    PROSPECTIVE     NEW    PRESIDENT    OF    THE 
AMERICAN     INSTITUTE     OF     ELECTRICAL     ENGI- 
NEERS 

New  York;  Samuel  Reber,  Washing- 
ton, D.  C. 

For  managers — Henry  G.  Stott, 
New  York;  Louis  A.  Ferguson,  Chi- 
cago; J.  G.  White,  New  York;  S.  S. 
Wheeler,  Ampere,  N.  J. 

For  treasurer — George  A.  Hamil- 
ton, New  York. 

For  secretary — Ralph  W.  Pope, 
New  York. 

The  directors'  nominations  are  usu- 
ally equivalent  to  an  election.  Mr. 
Lieb,  the  probable  president,  is  now  a 
vice-president  of  the  institute.  He  is 
third  vice-president  and  associate  gen- 
eral manager  of  the  New  York  Edison 
Company  and  one  of  the  best  known 
of  the  central-station  managers  and 
engineers  of  the  country. 


Arthur  Warren 

Chief    of    Publicity    for    the    Alli.%  Chalmi 
Company 

Will  I  the  large  extensions  to  the 
field  of  operations  of  the  Allis- 
Chalmers  Co.,  of  Chicago,  re- 
cently noted  in  these  columns,  it  be- 
came desirable  to  create  a  Department 
of  Publicity,  and  for  this  purpose  the 
company  has  been  fortunate  enough 
to  secure  the  services  of  Mr.  Arthur 
Warren,  whose  achievements  in  tech- 
nical and  popular  journalism,  and  in 
the  promotion  of  great  industries,  are 
well  known  in  America  and  in  Eu- 
rope. For  Mr.  Warren  is  a  journalist 
and  an  author,  as  well  as  a  business 
man,  and  when  he  has  a  story  to  tell 
he  gets  at  the  heart  of  the  matter  with- 
out a  waste  of  words.  He  is  a  native 
of  Boston,  and  was  educated  in  that 
city  and  in  Europe.  His  qualifica- 
tions for  his  work  are  unique.  Before 
he  became  a  journalist  he  had  some 
machine-shop  practice,  so  that  he 
might  become  familiar  with  the  me- 
chanical end  of  a  business  at  whose 
commercial  end  he  was  seeking  a  po- 
sition. He  got  his  position  and  it 
sent  him  traveling.  He  is  a  keen  ob- 
server. What  he  saw  interested  him, 
and  he  began  to  write  about  people 
and  places  and  things.  Then  his  ser- 
vices were  sought  by  the  press,  and 
after  a  sojourn  in  Europe  he  joined, 
in  January,  1883,  the  staff  of  the  "Bos- 
ton Herald,"  which  is  one  of  the  most 
powerful,  as  it  is  one  of  the  best-edited 
newspapers  in  the  LJnited  States.  He 
became  the  "Herald's"  chief  special 
writer.  People  and  places  and  eco- 
nomics were  his  subjects,  and  he  was 
also  engaged  with  conspicuous  suc- 
cess in  literary  and  dramatic  criticism. 
On  industrial  themes  he  wrote  much, 
and  his  articles  were  widely  quoted. 

Mr.  Warren  has  an  enormous  ca- 
pacity for  work,  but  he  works  easily. 
His  colleagues  used  to  say  that  he 
always  appeared  to  have  plenty  of 
time  on  his  hands,  and  yet  he  was  all 
the  time  keeping  up  the  "Boston  Her- 
ald" work,  editing  a  local  weekly  and 
writing  for  New  York  papers.  It  is 
characteristic  of  him  that  he  never 
makes  a  parade  of  being  busy.  Every- 
body will  remember  his  story  of  the 
business  man  who  grants  five  minutes 
for  an  interview  and  spends  a  quarter 
of  an  hour  in  telling  how  pressed  he 
is  for  time.  Mr.  Warren  does  not 
talk  much  of  what  he  is  doing,  or  of 
the  methods  by  which  he  does  it.  But 
the  things  are  done. 

In  December.  1888,  Mr.  Warren 
went  abroad  as  London  correspond- 
ent of  the  "Boston  Herald."  That  was 
in  the  days  when  being  a  London  cor- 
respondent meant  gaining  the  blue- 
ribbon  of  American  journalism.    Geo. 
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W.  Smalley  was  still  representing  the 
"New  York  Tribune,"  and  Harold 
Frederick  the  "New  York  Times." 
Now  Mr.  Smalley  is  representing  the 
"London  Times"  in  New  York  and 
Washington,  his  London  successor 
being  Mr.  I.  N.  Ford,  who  worthily 
maintains  the  great  traditions  of  the 
"Tribune."  Mr.  Ford,  of  the  "Trib- 
une," and  Mr.  Chamberlain  of  the 
"Sun,"  are  the  only  members  of  the 
famous  group  of  London  correspond- 
ents who  remain. 

Mr.  Wan  en  remained  nine  years  in 
London  for  the  "Boston  Heraid  "  He 
made  a  high  reputation  and  a  world- 
wide acquaintance.  His  London 
home  he  still  retains,  spending  in  it  a 
few  weeks  of  every  year.    It  is  a  place 


ARTHUR  WARREN 

that  became  notable  as  a  center  for 
those  who  were  really  "doing  things" 
in  the  world  of  politics,  industry,  lit- 
erature and  art.  Mr.  Warren's  activ- 
ity was  shown  by  his  contributions  to 
the  journals  and  magazines  on  both 
sides  of  the  Atlantic.  The  studies 
which  he  made  of  industrial  condi- 
tions in  Europe  and  America  furnish 
many  a  text  for  public  workers.  His 
book  on  "The  Charles  Wittinghams, 
Printers,"  published  by  the  Grolier 
Club,  of  New  York,  is  a  notable  con- 
tribution to  the  history  of  printing  and 
the  art  of  making  fine  books. 

In  November,  1877,  Mr.  George 
Westinghouse  invited  Mr.  Warren  to 
return  to  the  United  States,  offering 


him  an  important  place  on  his  execu- 
tive staff,  new  plans  and  great  exten- 
sions of  operation  looming  large  in 
the  brain  of  the  great  inventor-manu- 
facturer. So  Mr.  Warren  organized 
the  Westinghouse  Companies'  Pub- 
lishing Department,  with  headquart- 
ers in  New  York,  Pittsburgh,  and 
London,  and,  as  a  contemporary 
writer  has  said,  "  his  record  of  solid 
achievement  in  the  way  of  publicity  of 
the  best  kind  in  articles  and  advertis- 
ing, in  pamphlets  and  diplomacy,  has 
never  been  surpassed." 

In  February,  1894,  Mr.  Warren  re- 
signed his  Westinghouse  connection 
after  a  period  of  rather  more  than  six 
years  of  successful  work  which  had 
kept  him  busily  oscillating  between 
the  Continents.  He  had  planned  to 
return  to  the  scenes  of  his  former  lit- 
erary and  editorial  activities,  and  had 
engaged  his  passage  for  London  for 
the  end  of  March.  But  early  in  March 
Mr.  Edward  D.  Adams,  the  well- 
known  New  York  financier,  who  is 
chairman  of  the  executive  committee 
of  the  Allis-Chalmers  Company,  sent 
for  him  and  offered  him  the  post  of 
Chief  of  Publicity  for  the  great  or- 
ganization under  its  new  regime.  Mr. 
Warren  is  a  member  of  the  Engineers 
and  Lawyers  Clubs  in  New  York,  and 
of  the  Automobile  and  Whitefriers 
Clubs  of  London. 


Trade  News 


At  the  annual  meeting  of  the  Gen- 
eral Electric  Company  to  be  held  early 
in  May,  according  to  Wall  Street  re- 
port, it  is  probable  that  the  capital 
stock  will  be  increased  $3,325,000. 
On  this  subject  the  new  York  "Com- 
mercial" recently  remarked:  "This  new 
stock,  together  with  $1,062,600  of 
stock  now  held  in  the  treasury,  will 
be  offered  to  stockholders  at  par  to 
the  extent  of  10  per  cent,  of  their  hold- 
ings. The  authorized  capitalization  of 
General  Electric  is  $45,000,000,  of 
which  $43,937,400  are  understood  to 
be  outstanding.  This  leaves  $1,062,600 
of  the  stock  in  the  treasury.  This 
stock  in  the  treasury,  together  with 
the  $3,325,000  of  new  stock  to  be  au- 
thorized, will  make  $4,387,600.  This 
is  practically  10  per  cent,  of  the 
amount  of  capital  stock  now  outstand- 
ing. As  General  Electric  is  selling 
around  $170  a  share,  the  rights  to  sub- 
scribe to  the  new  stock  issue  will  be 
valuable.  It  has  not  been  announced 
for  what  purpose  the  funds  to  be  de- 
rived from  this  new  stock  issue  will 
be  used.  It  is  understood  that  a 
part  will  be  used  to  extend  the  for- 
eign business  of  the  company.  The 
advance  orders  so  far  received  indicate 
that  the  business  of  the  General  Elec- 


tric this  year  will  be  much  the  largest 
in  its  history.  The  orders  received  are 
said  to  be  largely  in  excess  of  the  or- 
ders received  during  the  correspond- 
ing period  of  last  year.  It  is  under- 
stood that  E.  W.  Rice,  Jr.,  will  be 
elected  a  director  to  succeed  the  late 
William  C.  Whitney.  The  other  re- 
tiring directors  will  be  re-elected." 

A  doubling  of  its  capital  stock, 
which  has  been  $1,000,000,  is  an- 
nounced by  the  Crocker- Wheeler 
Company,  manufacturers  and  electri- 
cal engineers,  of  Ampere,  N.  J.  The 
company  was  organized  in  1892  by 
Dr.  Schuyler  Skaats  Wheeler  and 
Prof.  Francis  B.  Crocker,  on  a  rela- 
tively modest  basis.  It  now  has  fifteen 
branch  offices  from  Boston  to  San 
Francisco,  and  does  one  of  the  largest 
businesses  in  the  world  in  electric 
power  apparatus.  The  capitalization 
was  several  times  increased,  until  in 
1899  it  had  become  $1,000,000.  In 
view  of  the  rapidly  expanding  busi- 
ness, the  stockholders  have  now  de- 
cided to  increase  this  amount  to  $2,- 
000,000.  The  companv  also  an- 
nounces the  opening  of  a  new  branch 
office  on  May  10,  in  the  Hibernia 
Bank  Building  in  New  Orleans.  Mr. 
W.  P.  Field,  of  the  St.  Louis  office  of 
the  company,  will  be  the  representa- 
tive in  Chicago. 

The  Hercules  Float  Works, 
Springfield,  Mass.,  makers  of  the 
Hercules  seamless  floats  for  power 
and  heating  plants,  sustained  a  con- 
siderable loss  by  fire  on  March  30. 
The  new  plant  on  Franklin  street  was 
nearly  ready  for  occupancy,  and  the 
company  expected  to  move  on  April 
15.  The  fire  has  delayed  preparations 
for  the  change  materially,  but  the 
company  feels  assured  that  by  May 
10,  at  the  latest,  they  will  be  settled 
in  their  new  home. 

The  Canadian  Westinghouse  Com- 
pany, Limited,  of  Hamilton,  Canada, 
have  recently  engaged  Mr.  C.  C. 
Starr,  who  was  formerly  connected 
with  the  firm  of  John  Starr,  Son  & 
Company,  to  act  as  their  representa- 
tive in  the  Maritime  Provinces,  with 
headquarters  at  134  Granville  street, 
Halifax,  Nova  Scotia.  The  Mari- 
time Provinces  are  included  in  the  dis- 
trict of  the  Canadian  Westinghouse 
Company's  Montreal  office,  and  Mr. 
Starr  will  be  consequently  an  attache 
of  that  office. 

The  Brown  Corliss  Engine  Com- 
pany, of  Corliss,  Wis.,  have  just  re- 
ceived an  order  from  the  Phillips  In- 
sulated Wire  Company,  of  Pawtucket, 
R.  I.,  for  one  of  their  14  inch  x  28 
inch  x  42  inch  tandem  compound  con- 
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dousing-  Corliss  engines  and  one  18 
inch  x  36  inch  x  48  inch  engine  of 
the  same  type. 

The  Reeves  Pnlley  Company,  of 
Columbus;  Inch,  announces,  among 
recent  sales,  six  of  its  variable  speed 
gears  to  the  Diamond  Match  Com- 
pany, at  Barberton,  Ohio,  whose  fac- 
tory at  that  place  is  ultimately  to  be 
equipped  with  these  gears  through- 
out. Fifty  of  the  machines  have  also 
jnst  been  sold  to  the  Philadelphia 
office  of  the  B.  F.  Sturtevant  Com- 
pany, who  will  use  them  on  their 
rotary  cement  kilns  and  coal  con- 
veyors. 

The  Henry  R.  Worthington  Hy- 
draulic Works,  at  Brooklyn,  N.  Y., 
are  shortly  to  be  removed  to  Harrison, 
N.  J.,  to  occupy  the  new  $2,000,000 
plant  of  the  International  Steam 
Pump  Company,  now  nearly  complet- 
ed. The  Brooklyn  site  consists  of 
two  city  blocks,  or  about  four  and 
one-half  acres,  while  the  Harrison 
plant  is  located  on  a  35-acre  tract  and 
contains  18  acres  of  floor  space.  The 
Worthington  Company  is  one  of  the 
oldest  and  largest  manufacturing  con- 
cerns in  Brooklyn,  having  been  found- 
ed in  1843  by  Henry  R.  Worthington, 
the  inventor  of  the  duplex  steam 
pump  and  other  hydraulic  devices. 
About  2,000  men  are  employed  in  the 
South  Brooklyn  works,  and  many  will 
undoubtedly  go  to  the  new  plant  at 
Harrison,  which  will  accommodate 
from  5,000  to  6,000  men.  The  Brook- 
lyn works  will  probably  be  sold,  the 
company  having  already  disposed  of 
its  large  foundries  at  Elizabethport, 
N.J. 

The  Brooklyn  Rapid  Transit  Com- 
pany are  planning  to  go  ahead  with 
the  erection  of  their  proposed  new 
power  station  on  Kent  avenue,  Brook- 
lyn. The  plant  is  to  be  one  of  the 
largest  in  New  York,  the  present  ar- 
rangement being  for  the  installation  of 
apparatus  aggregating  100,000  horse- 
power. It  will  be  remembered  that 
the  company  received  preliminary  es- 
timates for  the  engines,  boilers,  gen- 
erators and  other  equipment  last 
spring,  but  as  yet  no  important  con- 
tracts have  been  closed.  One  of  the 
main  reasons  for  the  management 
holding  off  has  been  that  they  are  se- 
riously considering  the  installation  of 
steam  turbines  in  place  of  reciprocat- 
ing engines,  as  were  first  intended. 
Should  this  matter  be  settled  in  favor 
of  the  turbo  generator,  it  is  intended 
to  install  units  of  10,000  horse-power 
each.  The  General  "Electric,  West- 
inghouse  and  Allis-Chalmers  compa- 
nies are  figuring  on  the  contracts, 
which,  it  is  expected,  will  be  closed 
soon. 


The  California  Gas  &  Electric  Cor- 
poration has  purchased  the  systems 
of  the  Standard  Electric  Company,  of 
California,  and  the  United  Gas  & 
Electric  Company.  These  latter  com- 
panies have  been  supplying  electric 
power  to  twenty  of  the  principal  coun- 
ties of  the  State  of  California.  The 
Standard  Electric  Company's  main 
plant  is  in  Amador  county.  It  sup- 
plies Sacramento  and  San  Joaquin 
counties,  joining  with  the  United  Gas 
&  Electric  Company  in  supplying  the 
counties  around  San  Francisco  Bay, 
its  lines  running  through  San  Jose  up 
the  west  side  of  the  bay,  into  San 
Francisco. 

The  Nernst  Lamp  Company  has  re- 
cently removed  its  Boston  office  from 
131  State  street  to  501  Atlantic  ave- 
nue. The  office  will,  as  heretofore, 
be  in  charge  of  Mr.  Geo.  C.  Ewing,  as 
district  manager,  and  will  carry  a 
complete  stock  of  Nernst  lamps  and 
supplies,  insuring  prompt  service  to 
customers. 

The  Standard  Underground  Cable 
Company,  of  Pittsburgh,  announces 
the  recent  opening  of  a  branch  office 
in  the  Security  Building,  St.  Louis, 
Mo.,  in  charge  of  Mr.  W.  A.  Caldwell, 
who  has  had  a  number  of  years'  ex- 
perience with  the  company  in  both 
the  construction  and  sales  depart- 
ments. 

The  Maxfield-Francke  Company, 
manufacturers  of  the  Francke  four- 
ported  engine,  has  removed  its  offices 
from  120  Liberty  street,  New  York, 
to  136  Liberty  street,  the  Electrical 
Exchange  Building. 

The  National  Electric  Company, 
successors  to  the  Christensen  Engi- 
neering Company,  have  inaugurated 
a  new  department  at  their  plant.  Free 
dinners  for  the  officers,  the  employees 
in  the  executive  offices  and  the  heads 
of  the  departments  will  be  served 
daily  at  the  expense  of  the  company. 
Two  pleasant  dining  rooms,  a  butler's 
pantry  and  a  kitchen  have  been  fitted 
up  in  the  new  office  building  recently 
erected  at  the  company's  plant  near 
Riverside  Park.  The  dining  rooms 
and  kitchen  are  located  on  the  second 
floor  of  the  building.  One  dining 
room  is  for  the  officers  of  the  company 
and  their  guests  and  business  men 
from  other  cities  who  come  to  Mil- 
waukee to  inspect  the  plant.  It  is  ex- 
pected that  the  officers  will  get  into 
closer  personal  touch  with  one  an- 
other by  dining  together  each  noon, 
and  that  many  informal  executive  ses- 
sions for  the  discussion  of  the  com- 
pany's interests  will  be  held  over  the 
coffee  cups  and  cigars.     The  second 


dining  room  will  be  for  the  employees 
of  the  offices  and  engineering  depart- 
ment. The  chef  will  have  entire 
charge  of  the  preparation  of  the  din- 
ners,which  will  be  served  promptly  at 
noon.  There  will  be  no  charge  what- 
ever to  the  employees  for  the  dinners, 
but  the  company's  object  is  not  purely 
philanthropical,  as  it  is  believed  that 
the  plan  will  be  mutually  beneficial 
to  employer  .and  employed.  The 
company  expects  to  be  more  than  re- 
paid for  the  expenditure  in  the  in- 
creased interest  which  their  employees 
will  take  in  their  work  and  in  the  time 
which  will  be  saved.  The  employees 
now  have  an  hour  and  a  half  for  the 
noonday  luncheon,  but  with  dinners 
served  at  the  plant,  it  is  expected  that 
the  men  will  be  ready  to  return  to 
their  desks  at  12:45  instead:  of  1:30 
o'clock.  In  the  additional  work 
which  will  be  accomplished  in  this 
time,  and  in  the  increase  of  personal 
interest  which  it  is  hoped  will  result 
from  the  social  hour,  the  company  ex- 
pects to  find  its  recompense. 

Fairbanks,  Morse  &  Company,  of 
Chicago,  have  engaged  Mr.  M. 
Greenwood  formerly  Pittsburg  man- 
ager for  the  International  Steam 
Pump  Company,  to  look  after  their 
steam  pump  business  in  Pittsburg  ter- 
ritory. 

The  Magnet  Wire  Company  have 
removed  to  new  offices  at  No.  42 
Broadway,  New  York. 

The  Nernst  Lamp  Company  have 
established  a  branch  office  auxiliary 
to  the  Pittsburg  district  office,  at  537 
Scofield  Building,  Cleveland,  Ohio, 
in  charge  of  Mr.  J.  C.  Wright.  This 
office  will  carry  a  stock  of  Nernst 
lamps  and  renewal  parts,  insuring 
prompt  attention  to  all  orders  in  this 
district.  The  Nernst  lamp  is  becom- 
ing widely  introduced  in  the  New 
England  district.  The  company  has 
recently  received  two  large  orders, 
one  from  the  Saco  &  Pettee  Machine 
Shops,  Biddeford,  Me.,  for  575  three- 
glower  lamps,  and  one  from  the  Ar- 
lington Mills,  Lawrence,  Mass.,  for 
600  lamps  of  the  44-watt  type.  The 
second  order  comes  in  the  form  of  a 
testimonial,  as  quite  a  large  installa- 
tion of  Nernst  lamps  had  already  been 
made  by  the  latter  company. 


One  of  the  many  benefits  of  the 
use  of  the  telephone  in  rural  districts 
is  the  check  upon  the  lawless  tramp. 
In  one  county  in  Indiana  the  tramp 
nuisance  is  said  to  have  been  largelv 
mitigated  by  the  prompt  enlistment 
of  the  Sheriff's  aid  by  telephone.  Out 
there  it  is  the  belief  that  where  there 
are  telephones  tramps  cannot  abide. 
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FIG.    I. THE  TRACKLESS  TROLLEY  IN  GERMANY.      SINCE    THERE  CAN   BE  NO  RAIL  RETURN,   THE  DOUBLE-TROLLEY   SYSTEM    MUST  BE   USED 


Trackless   Trolley    Omnibuses 


o 


MNIBUSES  and  country  road 
wagons  driven  electrically, 
from  overhead  wires  and  trol- 
leys, appear  to  be  the  fashion  abroad 
just  now.  Several  different  kinds 
have  made  their  appearance  within  the 
past  year,  developments  apparently  of 
an  idea  first  advanced,  as  it  is  now  re- 
called, four  or  five  years  ago  some- 
where in  the  United  States.  The  short 
line  equipped  at  that  time  involved  the 
use  of  a  double-trolley  arrangement, 
two  wires  being  run  about  ij  feet 
above  the  ground  and  about  18  inches 
apart.  The  trolley  device  consisted 
of  a  metal  frame  with  two  overrun- 
ning trolley  wheels,  with  locking 
wheels  underneath  which  prevented 
the  top  wheels  from  leaving  the  wire 
without  obstructing  the  free  passage 
of  the  frame  over  the  supports  on  the 
poles.  On  the  lower  wire  a  similar 
device  was  used,  and  both  sets  of  trol- 
ley wheels  were  connected  by  an 
insulated  pantograph  arrangement 
which  provided  for  unequal  tension  on 
the  trolley  wires.    Connection  between 


the  trolleys  and  the  wagon  was  made 
by  cables  running  on  to  an  automatic 
reel  on  the  wagon.  This  permitted 
the  cables  to  run  out  a  few  hundred 
feet  if  necessary,  or  wound  them  up  to 
a  short  length,  giving  the  wagon  con- 
siderable freedom  in  direction  of 
travel,  enabling  it  to  readily  turn  out 
of  the  way  of  obstacles  and  to  follow 
twists  and  turns  of  the  road  without 
difficulty,  even  though  the  pole  line 
took  a  somewhat  different  and  possi- 
blv  more  convenient  course.  The 
current  was  led  to  a  2  H.  P.  motor  on 
the  wagon. 

This  brief  recapitulation  of  particu- 
lars of  that  early  line  has  a  renewed 
interest  in  connection  with  what  has 
more  recently  been  clone  with  two 
overhead  electric  trolley  omnibuses  in 
the  suburbs  of  Paris,  and  which,  it  is 
thought,  may  help  materially  in  solv- 
ing the  transportation  problem  in 
sparsely  populated  districts  unable  to 
support  the  ordinary  system  of  elec- 
tric tramways.  It  may  be  said  here, 
by  the  way,  that  running  electric  om- 
nibuses with  overhead  trolleys  was 
tried  at  the  Paris  Exhibition  in  lyoo, 


but  failure  in  that  instance  was 
ascribed  to  the  fact  that  the  trolley 
with  its  connections  had  to  be  towed 
behind  the  bus,  and  variations  in  the 
speed  and  in  the  line  traversed  by  the 
bus  caused  jamming  and  other  diffi- 
culties. In  the  new  route,  which  is 
said  to  have  been  in  operation  for 
some  time,  the  trolley  running  on  the 
overhead  wires  is  self-propelling,  be- 
ing arranged  to  run  with  a  three-phase 
motor,  the  transformed  current  com- 
ing from  the  omnibus,  so  that  the 
speed  of  the  self-propelling  trolley 
varies  directly  with  the  progress  of 
the  bus  itself,  and  thus  it  travels  at  a 
regular  distance  in  advance  of  the  bus. 
The  self-propelling  trolley  weighs  44 
pounds,  and  the  connection  between 
it  and  the  bus,  as  in  the  earlier  trials 
above  recorded,  is  in  the  form  of  a 
cable  sufficiently  long  and  flexible  to 
allow  the  bus  to  go  at  will  from  one 
side  of  the  thoroughfare  to  the  other. 
The  length  of  the  route  on  which  the 
system  is  at  work  is  over  3  miles.  The 
vehicles  weigh,  with  their  load.  _  3] 
tons,  and  carry  t8  passengers,  making 
the  trip  of  3  miles  in  twenty  minutes. 
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FIG.   2. —  ONE   OF   THE    OMNIBUSES    HAS    ITS    TROLLEY    POLES   PULLED  DOWN,    SO  AS  TO  LET   THE  OTHER  VEHICLE  PASS 


A  still  later  and  better  type  of  trolley 
omnibus,  however,  would  seem  to  be 
the  one  turned  out  by  the  well-known 
Siemens-Schukert  Works,  of  Berlin, 
one  of  the  largest  electrical  firms  in 
Germany.  Illustrations  of  this  are 
given  on  this  page  and  the  one  oppo- 
site. In  this  omnibus  we  find  some- 
thing much  like  the  conventional 
form  of  trolley  pole  used  in  street 
car  practice, — a  decided  improvement 
over  the  self-propelling  trolley  in  the 
French  omnibus  line.  The  trolley 
poles  are  so  swivelled  as  to  allow  con- 
siderable lateral  movement  to  the 
omnibus  and  enable  it  to  easily  pass 
obstructions  on  the  road,  as  in  Fig.  I 
for  example. 

Fig.  2  illustrates  a  case  where  two 
trolley  omnibuses  have  met.  One  of 
them,  therefore,  has  to  come  to  a  stop 
and  its  trolley  poles  are  pulled  down 
so  that  the  other  wagon  can  pass; 
after  that  it  proceeds  on  its  way.  As 
to  the  general  character  of  the  vehi- 
cles, the  pictures  practically  tell  their 
own  story.  Sometimes  the  motor 
wagons  have  trailers  coupled  on,  the 
latter  serving  for  baggage  of  the  pas- 
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sengers  carried  and  sometimes  for 
general  express  matter. 

A  number  of  lines  are  now  in  opera- 
tion in  different  places  with  omni- 
buses of  this  type,  and  their  service  is 
understood  to  be  giving  general  satis- 
faction, a  speed  of  about  15  miles  an 
hour  being  maintained  along  the 
country  highways.  In  the  United 
States  the  trolley  street  car  has  evi- 
dently been  too  formidable  a  competi- 
tor for  its  trackless  counterpart; 
possibly,  too,  there  have  been  other 
electrical  interests  to  restrict  its  de- 
velopment. But  in  Germany  its  com- 
mercial success  seems  to  be  an 
assured  thing. 

The  omnibus  line  is  obviously  eco- 
nomical in  the  matter  of  equipment. 
There  are  no  rails,  no  specially  pre- 
pared roadbed,  and  no  permanent  way 
maintenance  expenses.  Besides,  there 
are  no  stray  return  currents  to  be 
taken  care  of,  and  no  possible  elec- 
trolysis of  gas  and  water  pipes. 


Invar  is  the  name  of  a  new  alloy, 
which,  it  is  reported,  contracts  upon 
heating  instead  of  expanding. 


A  Summer  School  for  Artisans 

A  SUMMER  school  for  artisans 
will  be  opened  by  the  Uni- 
versity of  Wisconsin  on  or 
about  July  1,  the  sessions  to 
extend  over  a  period  of  about  six 
weeks.  The  course  will  include  the 
study  of  steam,  gas  and  other  heat  en- 
gines;  applied  electricity;  mechanical 
drawing  and  machine  design;  mate- 
rials of  construction,  fuels  and  lubri- 
cants, and  shop  work.  In  applied 
electricity  the  subjects  taken  up  will 
be  theory  of  direct  and  alternating 
current  dynamos  and  motors;  the  op- 
eration and  methods  of  testing  elec- 
trical machinery,  batteries,  transform- 
ers and  other  apparatus,  photometry, 
and  calibration  of  instruments.  The 
entire  expense  during  the  six  weeks' 
term,  including  living  and  school  ex- 
penses, may  be  fairly  estimated  at  $50. 


Asuncion,  Paraguay,  has  an  electric 
lighting  plant,  though  the  lamps  have 
not  yet  been  put  up.  If  successful,  it 
will  be  extended  so  as  to  supply  elec- 
tric power  for  general  service. 


Electric   Lighting 


From  SmaJl  Water  Powers  with  High  Heads 


By    THORBURN    R.EID 


MANY  years  ago,  when  I  was  a 
very  small  boy,  I  built  a  dam, 
a  canal  and  a  water-wheel  in  a 
small  meadow  brook  near  my  home  in 
the  country.  The  fall  obtained  was 
about  12  inches;  the  canal,  about  6 
inches  by  6  inches  in  cross-section, 
was  about  6  feet  long,  being  dug  out 
of  the  soft  earth  bank  at  the  side  of 
the  stream.  At  the  lower  end  of  this 
canal  a  water-wheel  was  erected,  con- 
sisting of  a  wooden  shaft  about  i  inch 
in  diameter  and  12  inches  long,  with 
ends  whittled  down  to' allow  of  their 
being  inserted  in  gimlet  holes  in  two 
upright  posts  driven  into  the  earth, 
wooden  paddles  being  inserted  into 
gimletholes  in  the  middle  of  the  shaft. 
This  wheel  was  placed  just  over  the 
fall  at  the  lower  end  of  the  canal,  and 
constituted  the  old-fashioned,  lazy, 
easy-going  "undershot." 

My  water-power  plant  never  served 
any  useful  purpose  in  furnishing 
power,  and  my  interest  in  it  practi- 
cally ceased  with  its  completion.  As 
a  boy,  my  pleasure  lay  mainly  in  do- 
ing- the  work,  and  considerations  of 
first  cost,  operating  expenses,  market 
for  power  developed,  in  a  word,  the 
commercial,  as  distinct  from  the  pure- 
ly engineering,  elements,  never  in- 
truded themselves  into  the  problem 
to  complicate  it  and  disturb  my  hap- 
piness. 

My  perfect  contentment  in  the 
work,  wherein  I  was  laborer,  engi- 
neer, mechanic,  and  manufacturer  all 
combined,  has  lingered  in  my  mem- 
ory with  so  pleasant  a  fragrance  that 
to  this  day  I  can  never  pass  a  stream, 
be  it  ever  so  small  and  insignificant, 
without  scanning  it  for  possible  sites 
for  small  water-powers. 

Some  years  ago  during  an  engineer- 
ing trip  I  came  across  a  number  of 
small  water-powers,  probably  from  50 
to  100  H.  P.  each,  some  of  which  were 
used  to  drive  mills,  and  others  to  sup- 
ply light  and  power  by  electric  trans- 
mission to  various  small  towns  and 
villages  in  the  vicinity.  Instantly  it 
flashed  into  my  mind  that  here  were 
my  boyish  games  being  played  by 
grown  men  in  sober  earnest,  and  that 
I  might  play  them  over  again  with  all 
the  old  pleasure,  much  enhanced  by 
the  far  larger  scope  of  the  work  and 
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its  practicak  usefulness.  As  my  time 
was  then  occupied  with  other  work, 
much  of  it  being  concerned  with 
water-powers  of  far  greater  capacity, 
but  little  attention  could  be  devoted  to 
following  up  this  interesting  possi- 
bility; but  the  few  cases  that  I  was 
able  to  work  out  showed  such  good  re- 
sults as  to  indicate  a  wide  field  of  pos- 
sible activity,  which,  as  far  as  I  know, 
has  scarcely  been  exploited  at  all. 

Perhaps  the  most  interesting  case 
was  one  upon  which  I  stumbled  while 
on  a  vacation  at  one  of  a  number  of 
mountain  lakes.  A  small  brook,  fed 
by  springs  up  on  the  mountain  side, 
tumbled  clown  a  rocky  bed  through 
the  woods  and  emptied  into  the  lake 
a  score  of  yards  from  a  summer  hotel. 
Having  no  instruments  with  which  to 
measure  the  available  fall  or  with 
which  to  obtain  the  flow  of  the  stream, 
these  had  to  be  improvised  from  crude 
materials  at  hand.  A  carpenter's 
square  and  a  stone  hung  on  a  string 
served  for  a  level,  one  leg  of  the 
square  being  held  in  a  vertical  posi- 
tion by  means  of  the  stone  and  string 
plumb  line,  while  I  sighted  along  the 
other  to  a  rod  held  for  me  by  an  oblig- 
ing rodman,  or  rather  rodwoman,  my 
wife  being  my  interested  and  more  or 
less  amused  assistant.  By  these  primi- 
tive means  I  found  I  could  get  a  fall 
of  about  150  feet  in  a  horizontal  dis- 
tance of  about  300  yards,  measuring 
from  the  point  where  I  had  decided 
to  place  my  dam  down  to  the  surface 
of  the  lake. 

After  much  searching,  a  compara- 
tively quiet  stretch  of  stream  was 
found,  with  the  banks  straight  and  the 
bottom  of  even  depth,  and  the  flow  of 
the  stream  was  measured  by  the  float 
method.  Twigs  were  placed  in  the 
stream  at  various  distances  from  the 
bank,  and  the  time  required  for  them 
to  pass  from  one  string  stretched 
across  the  stream  to  another  parallel 
to  the  first  and  about  15  feet  below  it, 
was  taken.  The  area  of  cross  section 
of  the  stream  was  then  carefully  meas- 
ured at  several  points  between  the 
strino-s  and  an  averaee  taken. 

Owing  to  the  smallness  and  shal- 
lowness of  the  stream,  it  was  recog- 
nized that  a  comparatively  large  part 
of  the  water  would  be  retarded  bv  the 


irregularities  of  the  bottom,  and  the 
cross  section  was,  therefore,  divided 
into  ten  imaginary  channels,  and  the 
velocity  having  been  determined  for 
each,  a  large  factor  of  safety  was  used, 
increasing  as  the  depth  of  the  chan- 
nels decreased,  and  then  the  flow  was 
calculated  for  each  channel  separately 
and  all  were  added  together.  That  the 
weir  method  of  measurement  would 
have  been  preferable  to  this  in  point 
of  accuracy  is  undoubted;  but  I  had 
neither  the  time  nor  the  tools  to  build 
the  necessary  dam  and  weir,  however 
much  I  would  have  enjoyed  my  old 
game  of  dam  building. 

The  flow  thus  determined,  after 
making  liberal  allowances  for  inaccu- 
racies in  the  method  of  measurement, 
came  out  at  about  1  cubic  foot  per 
second.  Inquiry  among  the  natives 
revealed  the  fact  that  the  stream  was 
very  regular  in  its  flow,  except  just 
after  a  heavy  rain,  and  that  at  the  time 
of  my  measurement  it  was  about  as 
low  as  it  ever  got  to  be.  That  its 
flow  would  be  regular  was  to  be  ex- 
pected, as  its  whole  course  lay  through 
thick,  virgin  woods  in  which  the  ac- 
cumulated mould  of  many  years  held 
water  like  a  sponge  when  it  rained  and 
allowed  it  gently  and  gradually  to 
seep  down  to  the  brook  between  rains. 
To  afford  an  idea  of  the  size  of  the 
stream,  it  may  be  noted  that  I  jumped 
back  and  forth  across  it  at  will  while 
getting  the  flow. 

Allowing  15  feet  loss  of  head  from 
friction  in  the  300  yards  of  pipe-line 
that  would  be  necessary  to  carry  the 
water  down  to  the  water-wheel  at  the 
lake  shore,  1  cubic  foot  flow  of  water 
per  second  was  equivalent  to  15.3  H. 
P.  This  again  must  be  reduced  by 
the  loss  in  the  water-wheel  to  about 
it. 5  H.  P.  available  on  the  water- 
wheel  shaft.  This  would  supply  about 
125  16-candle-power  electric  incan- 
descent lamps,  and  that  was  not 
enough  for  the  needs  of  the  hotel.. 

However,  at  the  point  chosen  for 
the  dam  site  the  stream  had  cut  out  a 
deep  ravine,  with  wall  nearly  perpen- 
dicular, varying  from  30  to  40  feet  in 
height,  and  cut  back  from  the  stream 
so  as  to  be  from  40  to  50  feet  part.  A 
dam,  40  feet  high  and  50  feet  long, 
would  back  up  the  water  for  a  dis- 
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tance  of  about  100  feet.  A  few  meas- 
urements with  a  tape  line  and  level- 
ing rod  and  level  (the  carpenter's 
square  and  plumb  line  again)  gave 
sufficient  data  for  a  conservative  esti- 
mate that  this  pond  would  impound 
about  60,000  cubic  feet  of  water,  re- 
quiring, with  a  normal  flow  of  1  cubic 
foot  of  water  per  second,  60,000  sec- 
onds, or  nearly  17  hours,  to  fill  up. 
Thus  the  water  flowing  during  the 
day,  when  few  lights  would  be  re- 
quired, and,  therefore,  little  water 
used,  would  be  stored  up  in  this  pond 
to  be  drawn  upon  at  night,  when  all, 
or  nearly  all,  the  lights  might  be  burn- 
ing at  once. 

In  such  a  hotel  a  few  lights  might 
be  burning  during  the  day  in  dark 
places,  but  it  is  not  until  between  6 
and  7  o'clock  in  the  evening  that  any 
large  lighting  load  begins  to  come  on. 
From  then  on  to  about  10  or  11 
o'clock  the  lighting  load  is  at  or  near 
its  maximum.  Lights  are  then  rapid- 
ly turned  off  until,  about  12  o'clock, 
nearly  all  are  turned  off,  except  the 
few  which  are  left  burning  all  night 
in  halls  and  such  places.  Thus  the 
maximum  load  does  not  last  for  more 
than  about  three  hours,  from  7  until 
10  o'clock,  and  then  it  rapidly  de- 
creases till  about  12,  when  it  reaches 
its  all-night  condition. 

Sufficient  water,  then,  to  supply  the 
maximum  demand  for  power  for  four 
hours  would  be  ample  under  such 
conditions;  but  special  occasions, 
when  a  dance  or  other  entertainment 
is  given,  must  also  be  allowed  for, 
when  the  ball-room  and  parlors  may 
be  lighted  for  two  hours  longer.  Since, 
however,  the  lights  in  the  dining- 
room,  kitchen,  and  the  rooms  of  those 
guests  who  are  attending  the  ball  will 
not  be  lighted,  one  hour  longer  is 
ample  to  allow  for  such  occasions.  To 
supply  this  demand  there  would  be 
60,000  cubic  feet  of  water  in  the  pond, 
plus  the  flow  of  the  stream  during  the 
six  hours  that  light  was  required, 
amounting  to  about  20,000  cubic  feet, 
or  a  total  of  80,000  cubic  feet.  This 
stored  water,  then,  would  be  enough 
to  supply  three  times  as  many  lights 
as  the  flow  of  the  stream  alone  would 
supply,  or  a  total  for  six  hours  of  500 
lights,  or  nearly  3000  lamp-hours  per 
night. 

Since  the  average  number  of  hours 
burned  per  lamp  installed  would  not 
exceed  two,  or  at  most  three,  this 
would  allow  for  an  installation  of  from 
1000  to  1500  lamps,  which  was  far 
more  than  the  hotel  required.  Mak- 
ing every  allowance  for  brilliant  il- 
lumination, not  more  than  600  lamps 
were  needed,  and  of  these,  even  on 
special  occasions,  it  was  safe  to  calcu- 
late that  not  more  than  400  would  be 
burning  at  any  one  time. 


A  dynamo  capable  of  supplying  400 
lamps  thus  would  be  ample,  especially 
as  such  a  dynamo  would  have  an  over- 
load capacity  that  would  enable  it  to 
supply  500  or  more  lamps  for  an  hour 
or  two  if  it  should  ever  be  necessary. 
The  hotel  has  accommodations  for 
about  300  guests. 

Such  a  plant  would  consist  of  a  25- 
kilowatt  dynamo,  direct-current,  di- 
rect-connected to  a  40-H.  P.  water- 
wheel  of  the  impulse  type,  water  be- 
ing supplied  to  the  wheel  through  a 
12-inch  wrought  iron  pipe  300  yards 
long.  The  dam  could  be  made  a  tim- 
ber crib  filled  with  earth  and  stones 
and  faced  on  its  upper  side  with  2-inch 
timbers  in  two  layers,  breaking  joints, 
and  bolted  together.  Such  a  dam 
would  be  tight,  would  require  little 
repairing,  and  would  last  for  fifteen  or 
twenty  years.  The  power  house  would 
be  a  simple  wooden  frame  building, 
its  outside  being  made  to  conform 
with  its  surroundings,  and  would  cost 
very  little.  The  whole  plant,  includ- 
ing the  dam,  pipe-line,  water-wheel, 
dynamo,  switchboard,  wiring,  lamps, 
and  all  accessories,  complete  and 
ready  to  run  and  furnish  light  to  the 
hotel,  would  not  exceed  about  $6500 
in  first  cost. 

The  operating  expenses  of  such  a 
plant  would  include  as  fixed  charges, 
— that  is,  charges  that  are  mainly  in- 
dependent of  the  length  of  time  during 
which  the  plant  is  in  operation, — de- 
preciation, repairs,  taxes,  insurance, 
and  interest  and  as  variable  charges, 
supplies  such  as  oil,  lamps,  etc.,  and 
the  services  of  an  attendant. 

A  liberal  allowance  for  fixed 
charges  was  $900  per  year,  and  as  the 
hotel  was  open  only  about  three 
months  in  the  year,  the  supplies 
and  attendant  together  would  come 
to  not  more  than  $300,  or  a 
total  operating  expense  for  the 
season  of  three  months  of  $1200. 
That  this  cost  is  much  greater  than 
that  of  oil  lamps  is  undoubted,  but  the 
saving  in  insurance  and  to  the  far 
greater  safety  of  the  electric  system, 
goes  far  toward  offsetting  the  added 
expense. 

It  was  possible,  without  any  extra 
cost,  except  the  first  cost  of  the  mo- 
tors, to  use  electric  power  in  the 
kitchen  and  laundry,  as  well  as  fan 
motors  in  the  hotel,  and  to  charge  the 
storage  batteries  of  electric  launches 
and  automobiles,  this  being  done 
during  the  day  time  when  current  was 
not  required  for  lighting. 

The  cost  of  a  steam  plant  to  furnish 
the  same  current  would  come  to  about 
$6000.  The  operating  expenses,  ex- 
clusive of  fuel,  would  be  about  the 
same  as  the  total  operating  expenses 
for  the  water-power  plant,  and  the 
cost  of  the  current  would,  therefore, 


be  increased  by  practically  the  whole 
cosl  of  the  fuel  required  to  generate 
it. 

The  water-power  plant  can  be  run 
during  the  day  for  power  and  for  light 
in  dark  places  in  addition  to  being 
run  at  night  at  practically  no  increase 
in  expense,  since  water  costs  nothing, 
while  running  the  steam  plant  in  the 
day  time  would  mean  the  consump- 
tion of  fuel,  most  of  the  energy  of 
which,  by  reason  of  the  light  load, 
would  be  consumed  in  engine  and 
dynamo  losses.  Again,  the  water- 
power  plant  can  be  sarted  by  the  turn- 
ing of  a  valve,  while  with  the  steam 
plant  fire  must  be  lighted  under  the 
boiler  and  steam  raised  before  the 
plant  can  be  started.  It  is  scarcely 
necessary  to  cite  further  arguments  to 
show  that  the  water-power  plant  is 
preferable  to  the  steam  plant  for  its 
convenience,  reliability,  cleanliness 
and  safety,  even  if  its  operating  ex- 
penses had  been  considerably  greater. 

This  plant  has  been  described  in 
such  detail  because  it  presents  features 
making  for  commercial  and  engineer- 
ing success  which  even  engineers  of 
much  experience  are  almost  certain  to 
overlook  on  account  of  the  smallness 
of  the  stream.  The  particular  condi- 
tion that  made  the  utilization  of  this 
stream  feasible,  despite  the  small 
amount  of  its  flow,  was  the  high  head 
available,  since  the  power  that  can  be 
obtained  from  the  flow  of  a  given 
amount  of  water  varies  directly  with 
the  head.  Again,  the  high  head  makes 
it  possible  to  store  up  at  slight  expense 
and  utilize  practically  the  whole 
amount  of  water  flowing  during  the 
day  while  the  plant  is  not  in  operation 
or  is  running  lightly  loaded. 

With  low  heads  this  is  not  geneially 
possible,  since  the  depth  of  the  water 
above  the  dam  would  be  a  large  part 
of  the  total  available  head,  and,  there- 
fore, reduction  in  the  level  of  the  water 
in  the  pond  would  largely  cut  down 
the  speed  and  capacity  of  the  water 
motor,  as  well  as  the  power  that  can 
be  obtained  per  cubic  foot  of  water. 
Thus  with  a  low  head  the  water  above 
the  dam  can  be  drawn  down  only  a 
comparatively  short  distance  before 
the  reduction  in  the  available  head 
would  cause  trouble.  Only  a  foot  or 
two  of  the  depth  of  the  pond  can  gen- 
erally be  utilized  in  such  cases,  and 
the  area  of  the  pond  must  be  very 
large  if  it  is  to  serve  as  a  reservoir  for 
much  power,  both  on  account  of  the 
small  amount  of  power  generated  per 
cubic  foot  of  water  and  because  only 
a  small  part  of  its  depth  can  be  util- 
ized. 

This  great  storage  capacity  of  small 
streams  with  high  heads  makes  pos- 
sible the  utilization  of  many  times  the 
average    power   of  the    stream,    pro- 
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vided  this  maximum  power  is  required 
for  only  a  few  hours  out  of  the  twenty- 
four,  which  is  nearly  always  the  case 
with  electric  lighting  plants. 

Again,  the  use  of  high  heads  re- 
duces the  amount  of  water  to  be 
handled,  and  thus  reduces  the  cost  of 
dams,  raceways,  pipe-lines,  water- 
wheels,  etc.  Finally,  floods  affect 
such  plants  very  slightly,  while  the 
rising  of  the  water  in  the  tail  race 
during  the  floods  often  very  seriously 
impairs  the  total  available  effective 
head  when  that  head  is  low  to  begin 
with. 

In  the  case  described  above  it  was 
not  necessary  to  buy  any  land  or  water 
rights,  as  the  land  through  which  the 
stream  flowed  from  the  dam  to  the 
lake  belonged  to  the  hotel ;  but  the 
cost  of  such  rights,  where  it  is  neces- 
sary to  buy  them,  would  usually  be 
trifling,  since  the  water  would  not  be 
valuable  for  any  other  purpose,  and 
very  little  land  would  be  needed. 

It  is  readily  seen  that  the  field  for 
such  plants  as  the  one  here  described 
is  necessarily  limited  to  more  or  less 
mountainous  regions;  but  it  is  in  just 
such  places  that  other  sources  of  light 
and  power  are  costly  and  inconvenient 
on  account  of  high  transportation 
rates,  poor  and  hilly  roads  and  danger 
from  fire. 

The  water-powers  already  devel- 
oped that  I  spoke  of  early  in  this 
article  as  having  first  drawn  my  atten- 
tion to  the  possibilities  of  small 
streams  for  this  purpose,  all  utilized 
comparatively  low  heads,  and  their  de- 
velopment would  not  have  been  com- 
mercially practicable  under  the  condi- 
tion of  operation  for  three  months  of 
the  year  only,  as  was  the  case  with 
the  hotel  plant  above  described.  This 
plant  could  have  been  in  operation  for 
the  whole  year,  or  four  times  as  long, 
at  a  yearly  cost  of  less  than  twice  as 
much  as  was  required  for  three 
months,  since  the  main  items  of  ex- 
pense, the  fixed  charges,  would  be 
little,  if  at  all,  increased.  Thus  the 
average  cost  of  current  would  have 
been  reduced  more  than  50  per  cent. 

The  writer  has  seen  a  large  number 
of  such  small  streams  with  high  heads 
evidently  capable  of  being  profitably 
utilized  in  the  manner  described;  but 
I  know  of  but  one  that  has  been  so 
utilized,  and  that  one  in  a  verv  imper- 
fect and,  from  an  engineer's  point  of 
view,  very  slovenly  manner.  The  dam 
leaked  to  such  an  extent  when  I  saw 
it  that,  although  no  water  was  flowing 
through  the  pipe-line,  none  flowed 
over  the  dam;  all  of  the  water  of  the 
stream  leaked  through  the  dam.  The 
pipe-line  was  of  poor  design,  and  in  a 
distance  of  about  1000  feet  showed 
about  forty  leaks.  In  spite  of  these 
and  other  obvious  defects,  the  plant 
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did  fairly  well  what  its  owner  required 
of  it. 

To  sum  up,  then,  the  power  of  small 
streams  with  high  heads  can,  by  means 
of  storage  of  water,  be  multiplied 
many  times  whenever  the  maximum 
power  is  required  for  only  a  few  hours 
out  of  the  twenty-four.  The  cost  of 
developing  and  utilizing  such  powers 
will  be  low  by  reason  of  the  small 
amount  of  water  to  be  handled  and  be- 
cause the  water  of  such  streams  and 
the  small  amount  of  land  required  are 
generally  valueless  for  any  other  pur- 
pose. Such  plants  are  generally  re- 
liable in  operation,  safe  and  clean,  and 
do  not  require  highly  skilled  attend- 
ance. The  cost  of  light  thus  obtained 
will  usually  be  much  higher  than  by 
the  use  of  oil  lamps;  but  this  will  be 
largely  offset  by  the  attendant  advan- 
tages. 

In  conclusion,  a  word  of  caution 
should  be  added  for  any  one  who  may 
contemplate  installing  such  a  plant. 
One  of  the  most  prolific  sources  of 
trouble,  even  sometimes  of  complete 
failure,  in  the  utilization  of  water- 
powers  lies  in  the  irregularity  of  the 


flow  of  the  stream,  and  great  care 
should  be  used  to  learn  from  all  avail- 
able sources  what  is  the  lowest  stage 
the  water  ever  reaches  in  the  driest 
season.  Careful  measurements  of  the 
flow  should  also  be  taken  and  liberal 
allowances  made  for  droughts. 

Where  much  of  the  course  of  the 
stream  lies  through  thick  woods,  its 
flow  is  likely  to  be  fairly  regular,  but 
where  its  course  lies  mainly  in  the 
open,  avoid  it,  since  then  in  a  dry  sea- 
son it  is  likely  to  run  almost  dry. 


Electricity  a.s  an  Anesthetic 

A  NUMBER  of  years  ago  it 
was  proposed  to  make  use 
of  the  humming  noise  pro- 
duced by  a  common  electric  buz- 
zer to  induce  sleep  in  cases  of  in- 
somnia, but  it  is  not  know  how  far  or 
how  successfully  the  proposition  was 
carried  out.  More  recently  M.  Le- 
duc,  of  France,  has  been  conducting 
exeriments  on  the  use  of  the  electric 
current  as  an  anaesthetic,  which  ex- 
periments were  performed  upon  him- 
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self.  He  employed  a  maximum  of  50 
volts.  The  electrodes,  which  con- 
sisted of  cotton  pads  moistened  with  a 
saline  solution,  was  applied  over  his 
kidneys  and  upon  his  forehead,  re- 
spectively. The  current  was  increased 
gradually  until  it  reached  the  maxi- 
mum in  hve  minutes.  Sensation,  he 
found,  was  suspended  gradually,  the 
faculty  of  speech  being  first  sus- 
pended, and  afterwards  of  the  re- 
mainder of  the  motor  system.  This 
suspension  of  sensation  began  with 
numbness  of  the  limbs.  The  only  un- 
pleasant feeling  he  experienced  dur- 
ing the  application  of  the  current  and 


accompanying  the  suspension  of  the 
faculties  was  the  sensation  of  night- 
mare. When  the  current  is  broken, 
consciousness  is  instantly  restored, 
and  there  is  a  sense  of  invigoration. 
The  breathing  is  more  or  less  ob- 
structed, but-  the  heart  is  not  at  all 
affected.  Notwithstanding  the  ap- 
parent harmlessness  of  this  use  of  the 
electric  current,  a  feeling  of  apprehen- 
sion is  raised  by  M.  Leduc's  rather 
ominous  remark,  in  describing  his  ex- 
periments, to  the  effect  that  danger  to 
life  is  prevented  by  switching  off  the 
current  immediately  the  breathing 
shows  indications  of  ceasing-. 
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IN  connection  with  the  uses  of  Ront- 
gen  rays  in  medicine,  it  is  often 
desirable  to  obtain  graphical  rec- 
ords of  the  shape  and  size  of  the 
organs  of  the  human  body,  and  as 
Rontgen  rays  are  given  off  from  a 
very  small  spot  in  front  of  the  cathode 
of  the  Rontgen  bulb,  radiating  from 
the  latter  in  all  directions,  the  image 
of  any  object  projected  on  a  luminous 
screen  or  photographic  plate  will  be  a 
silhouette,  the  outline  of  which  coin- 
cides with  the  points  where  the  Ront- 
gen rays  touching  the  body  are  cut- 
ting the  screen.  The  image  of  the 
object  will,  therefore,  in  any  case  be 
more  or  less  magnified,  it  being  im- 
possible to  ascertain  the  true  size  ex- 
cept by  troublesome  and  not  always 
trustworthy  calculations,  apart  from 
rather  material  deformations. 

In  order  to  obtain  a  record  of  the 
object  in  its  true  shape  and  size,  the 
Rontgen  rays  touching  the  body  and 
reproducing  its  outline  on  the  plate 
will  have  to  be  made  parallel  and  to 
strike  the  plate  at  right  angles.  In 
other  words,  the  projection  from  a  cen- 
ter should  be  replaced  by  parallel  pro- 
jection. The  Allgemeine  Elektricitats 
Gesellschaft,  of  Berlin,  have  just 
brought  out  the  first  apparatus  allow- 
ing such  projections  in  true  shape  and 
size  to  be  obtained  in  any  desired  posi- 
tion of  the  drawing  plane. 

The  drawing  stylus  fixed  in  the 
middle  of  the  luminous  screen  is  con- 
nected to  a  Rontgen  bulb  rigidly  by 
a  lever  system  between  which  the  per- 
son is  enclosed.  The  bulb  should  be 
so  adjusted  as  to  lie  in  the  prolonga- 
tion of  the  drawing  stylus,  when  the 
central  rays  issuing  from  the  bulb  will 
strike  the  lumihous  screen  just  at  the 
foot    of    the   latter.     Parallel    move- 


ments in  any  desired  direction,  as  re- 
quired for  obtaining  a  parallel  projec- 
tion, are  effected  by  the  system  rotat- 
ing around  two  axes  parallel  to  each 
other.     The  drawing  frame  is  placed 


in  front  of  the  luminous  screen,  being 
parallel  to  the  latter  and  about  half  an 
inch  away  from  it.  The  frame  is  fitted 
with  a  sheet  of  pasteboard,  on  which 
the  records  are  made  by  the  drawing 
stylus.  The  Rontgen  bulb  follows 
the  movements  of  the  luminous  screen 
and  drawing  stylus.  By  drawing  the 
latter  along  the  outline  of  the  organ  in 
question,  as  formed  on  the  luminous 
screen,  the  exact  shape  and  size  of  the 
organ  may  be  recorded.  The  draw- 
ing plane  may  be  given  any  desired 
position,  according  as  the  person  to 
be  examined  is  either  standing  or 
lying.  Drawing  may  also  be  effected 
immediately  on  the  body,  in  which 
case  the  pasteboard  is  removed  from 
the  drawing  plane  and  a  special  "der- 
matograph"  stylus  is  used  instead  of 
a  pencil.  There  are  means  also  for 
accurately  marking  the  position  of  the 
person,  and  by  combining  the  usual 
method  of  operation  with  central  rays 
and  the  method  above  described,  the 
depth  of  any  foreign  object  contained 
in  the  body  may  be  ascertained. 


The  proposed  electrical  exhibition  at 
Warsaw  has  been  canceled  owing  to 
the  Russo-Japanese  war. 


THE    ORTHODIAGRAPH    ARRANGED    FOR    EXAMINING    A    PERSON    LYING    HORIZONTALLY 


262 


THE      ELECTRICAL      AGE 


April,  J  904 


The  Development  of  Summer  Lighting 

Extracts  from  a  Paper  Read  by  E.  A.  Leslie  before  the  Association  of  Edison  Illuminating 

Companies. 


DURING  the  summer  season  the 
consumption  of  current  for 
residence  and  mercantile  illu- 
mination is  at  its  lowest  ebb.  The 
dog  days  are  encompassed  by  an  all- 
pervading  dullness.  Thousands  of 
families  temporarily  desert  their 
homes  and  join  the  summer  exodus 
to  mountain  and  seashore,  while  the 
number  of  hours  wherein  the  current 
is  utilized  for  business  purposes  is  re- 
duced to  a  minimum.  At  the  same 
time  the  expenses  of  operation  and 
maintenance  do  not  decrease  in  the 
same  proportion,  and  the  results  are 
reflected  in  monthly  balance  sheets 
which  frequently  give  the  officers  of 
the  electricity  supply  company  cause 
for  anxiety   and   concern. 

This  being  true,  it  is  a  problem  of 
vital  importance  to  find,  and  if  neces- 
sary create,  a  field  and  a  demand  for 
the  company's  surplus  capacity  dur- 
ing the  summer  season,  in  order  that 
its  load  curve  on  July  fourth  may  ap- 
proximate if  possible  that  of  the 
heaviest  day  in  December.  This 
problem  the  Edison  Electric  Illumi- 
nating Company,  of  Brooklyn,  has,  in 
a  measure,  solved,  and  the  manner  and 
method  of  the  solution  were  told  of  in 
an  interesting  way  by  Mr.  E.  A. 
Leslie,  general  manager  of  the  com- 
pany, in  a  paper  presented  a  short 
time  ago  at  a  meeting  of  the  Associa- 
tion of  Edison  Illuminating  Com- 
panies.. 

Up  to  the  year  1897,  the  summer 
business  of  the  Brooklyn  Edison 
Company,  according  to  Mr.  Leslie, 
was  of  the  unsatisfactory  character  al- 
luded to  above ;  but  early  in  that  year 
it  was  proposed  to  extend  the  lines  of 
the  company  to  Coney  Island,  about 
six  miles  distant  from  its  principal 
generating  station,  in  an  endeavor  to 
create  a  demand  for  midsummer  light- 
ing. This  project  involved  the  ex- 
penditure of  a  large  sum  of  money, 
and  was  regarded  as  a  daring  adven- 
ture, the  outcome  of  which  was  prob- 
lematical. It  was  opposed  by  a  con- 
servative element  in  the  management, 
but  after  the  most  careful  considera- 
tion the  extension  was  finally  deter- 
mined upon.  A  high-tension  trans- 
mission line  was  constructed,  a  rotary 
converter  sub-station  erected,  and 
mains  and  feeders  spread  out  as  the 
prospects  of  the  business  then  seemed 
to  warrant. 

Coney  Island  had  for  a  long  time 
been  largely  a  paradise  for  fakirs, 
crude,  and  often  vicious,  but  its  natu- 
ral attractions  of  ocean  bathing, 
healthful  sea  breezes  and  an  extensive 


sandy  beach,  combined  with  its  prox- 
imity to  the  metropolitan  population 
of  upwards  of  four  millions,  promised 
great  future  development.  And  yet 
without  an  adequate  lighting  system 
this-  development  was  badly  handi- 
capped, and  in  pre-Edison  clays  re- 
spectable visitors  to  the  Island  re- 
turned to  their  homes  before  nightfall. 
Since  then,  electric  light  has  gradu- 
ally turned  night  into  day,  and  hun- 
dreds of  thousands  now  visit  this 
resort  at  night  who  would  not  have 
thought  of  doing  so  under  former 
conditions.  So  great  are  the  crowds 
during  the  season  on  all  but  rainy 
nights  that  transportation  facilities 
are  taxed  to  their  utmost,  and  cars  re- 
turn from  the  beach  heavily  laden  up 
to  two  or  three  o'clock'  in  the  morn- 
ing. 

This  has  been  made  possible  by  the 
extensive  use  of  electric  lighting.  In 
fact,  it  is  a  matter  of  record  that  short- 
ly after  the  inauguration  of  reliable 
service,  electric  lighting  became  an 
important  and  necessary  factor  in  the 
development  of  gigantic  places  of 
amusement,  and  their  most  attractive 
feature;  brightening,  cleansing  and 
improving  the  whole  place;  drawing 
and  holding  daily  the  largest  crowds 
that  have  ever  visited  a  pleasure  resort 
in  any  country  in  the  world. 

The  Brooklyn  Edison  Company's 
station  load  sheets  show,  among  other 
things,  that  the  company  requires 
more  machinery  to  handle  its  "sum- 
mer load"  than  was  required  for  its 
preceding  "winter  load,"  an  unusual 
and  perhaps  unique  reversal  of  the  or- 
dinary conditions.  Of  course,  the  to- 
tal output  is  not  so  large  in  summer, 
neither  are  the  financial  returns  as 
great,  because  the  days  are  so  much 
longer  and  the  hours  of  burning  con- 
sequently so  much  less  ;  but  even  from 
the  financial  standpoint  the  results  are 
vastly  more  satisfactory  than  would 
be  the  case  if  the  summer  lighting  did 
not  exist. 

The  effect  of  the  company's  activi- 
ties at  the  Island  has  been  cumulative, 
both  as  to  its  improved  character  and 
increased  number  of  attractions  and 
the  volume  of  business  transacted. 
Rut  the  company  was  obliged  to  take 
considerable  risk  at  times,  almost  if 
not  quite  as  great  as  the  original  ex- 
periment. Take,  as  an  example, 
"Luna  Park."  When  the  plans  for 
lighting  that  immense  establishment 
were  first  laid  before  the  company, 
they  saw,  at  a  glance,  that  the  equip- 
ment necessary  for  the  sub-station  and 
the  underground  low-tension  feeders 


and  mains  would  cost  many  thousands 
of  dollars.  With  nothing  to  rely  upon 
as  security  for  its  investment  except 
the  well-known  business  ability  of  the 
proprietors,  and  the  success  which  has 
usually  attended  all  first-class  enter- 
prises at  the  Island,  the  company  ac- 
cepted the  risk.  The  results  have  al- 
ready completely  vindicated  its  judg- 
ment. 

Not  alone  as  regards  this  particular 
case,  but  the  extraordinary  success 
which  Luna  Park  enjoys  has  stimu- 
lated many  others,  and  even  now  the 
company  is  in  negotiation  with  a  syn- 
dicate of  capitalists  who  have  bought 
land  in  an  attractive  location,  and 
propose  to  erect  thereon  an  establish- 
ment much  larger  than  Luna  Park, 
and  install  therein  a  prodigious  num- 
ber of  electric  lights. 

What  the  Brooklyn  Company  has 
done  for  itself  at  Coney  Island,  and 
incidentally  for  the  phenomenal  de- 
velopment of  that  famous  resort,  Mr. 
Leslie  believes,  can  be  accomplished 
in  greater  or  less  degree  by  any  elec- 
tric lighting  company  operating  in  a 
city  adjacent  to  a  body  of  water, 
whether  river,  lake  or  sea.  It  is  open 
to  the  doubter  to  argue  that  there  is 
only  one  Coney  Island,  and  that  in 
this  respect  the  Brooklyn  Edison 
Company  is  peculiarly  fortunate,  and 
it  is  admitted;  but  it  must  be  remem- 
bered that  not  so  many  years  ago 
Coney  Island  was  a  dreary  and  de- 
serted waste  of  sand  dunes,  and  that, 
moreover,  wherever  similar  methods 
have  been  pursued,  miniature  Coney 
Islands  have  sprung  up  and  flou- 
rished, furnishing  amusement  to  many 
thousands,  and  sensibly  increasing 
the  revenues  of  the  wide-awake  and 
enterprising  lighting  companies.  This 
is  further  demonstrated  by  the  fact 
that  in  spite  of  the  proximity  of  Coney 
Island,  with  its  extraordinary  power 
of  attraction,  the  Brooklyn  Edison 
Company  has,  in  conjunction  with  the 
local  street  railroad  company,  suc- 
ceeded in  building  up  near  Brooklyn 
a  number  of  other  minor  but  still  im- 
portant summer  amusement  resorts, 
such  as  Canarsie  and  Bergen  Beach, 
each  of  which  is  a  considerable  con- 
sumer of  electrical  energy. 

About  three  years  ago  Mr.  Leslie 
spent  several  months  in  the  Middle 
West,  and  observed  that  Chicago  and 
Milwaukee  had  their  "Coney  Isl- 
ands;" that  nearly  every  city  along 
the  Great  Lakes  had  similar  summer 
resorts,  but  those  without  ample  elec- 
tric lighting  lacked  tone,  and  were 
comparatively  dull  and  unprofitable. 
A  vear  before,  while  in  the  mountains 
near  Easton,  Pa.,  Mr.  Leslie  observed 
that  that  enterprising  little  city  also 
had  a  "Coney  Island,"  situated  on  the 
Delaware  River,  which  was  surpris- 
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ingly  well  patronized.  "Savin  Rock" 
is  known  as  the  "Coney  Island"  of 
New  J  taven.  It  not  only  draws  great 
crowds  by  day,  but  being  brilliantly 
illuminated  holds  them  during  the 
early  hours  of  the  night.  Numerous 
other  examples  might  be  cited.  The 
American  people  are  always  eager  to 
be  amused,  and  men  of  foresight 
and  enterprise  have  long  since  real- 
ized that  fortunes  were  to  be  made  by 
catering  to  this  pleasure-loving  in- 
stinct. But  it  cannot  be  done  on  a 
large  or  successful  scale  without  the 
aid  of  electric  light.  It  may  not  be 
amiss  here  to  refer  to  an  article  en- 
titled "Decorative  Uses  of  the  Incan- 
descent Lamp,"  which  appeared  in  the 
February  number  of  The  Electri- 
cal Age.  Striking  illustrations  were 
there  given  of  some  of  the  notable 
lighting  effects  at  Coney  Island  re- 
ferred to  here. 


A  Cana.dia.n  Export  Duty  on  Elec- 
tricity Improbable 

CONSIDERING  the  vastness  of 
the  electrical  power  develop- 
ment on  the  Canadian  side,  the 
question  has  arisen  as  to  whether  or 
not  the  Dominion  of  Canada  shall  as- 
sess an  export  duty  on  electricity  gen- 
erated in  its  territory  and  transmitted 
across  the  river  to  the  United  States. 
As  to  this,  "The  Iron  Age"  says  : — 

In  the  franchises  granted  by  the 
commissioners  of  Victoria  Park,  and 
ratified  by  the  Ontario  Government,  it 
is  provided  that  the  companies  shall 
from  the  electricity  or  pneumatic  pow- 
er generated  supply  power  in  Canada 
to  the  extent  of  any  quantity  not  less 
than  one-half  the  quantity  generated 
at  prices  not  to  exceed  the  prices 
charged  to  cities,  towns  and  consumers 
;.n  the  United  States  at  similar  dis- 
tances from  the  Falls  of  Niagara  for 
equal  amounts  of  power  and  for  simi- 
lar uses. 

In  this  there  is  an  implied  consent 
to  the  exportation  of  at  least  one-half 
the  amount  of  power  generated,  and  it 
is  fair  to  assume  that  the  great  works 
have  been  carried  on,  at  least  by  two 
of  the  three  constructing  companies, 
under  the  belief  that  the  Dominion 
would  not  interfere  with  such  expor- 
tation. Of  late  a  feeling  has  been 
growing  along  the  Niagara  border  and 
among  the  various  municipalities  of 
Ontario  within  the  zone  of  prospective 
benefit  from  the  Niagara  development 
that  the  Government  should  place  an 
export  duty  of  about  $15  per  horse- 
power on  electric  power  generated  in 
Canada  and  transmitted  to  the  United 
States.  Such  a  duty  would  be  almost 
prohibitive  in  its  nature,  so  far  as  the 
border  transmission  or  export  is  con- 


cerned, and  the  result  would  be  that 
about  all  the  power  generated  in  Cana- 
dian Niagara  would  be  kepi  at  home 
for  the  upbuilding  of  that  locality. 

While  such  a  result  would  no  doubt 
form  a  pleasant  picture  for  loyal 
Canadians  to  consider,  the  truth  is,  or 
at  least  the  present,  demand  makes  it 
so  appear,  that  it  will  be  many  years 
before  the  Canadians  could  hope  to 
use  the  enormous  amount  of  power 
now  contemplated  to  be  developed  in 
Victoria  Park.  Of  the  three  compa- 
nies now  holding  franchises,  the  Cana- 
dian Niagara  Power  Company  will  de- 
velop 100,000  horse-power,  while  the 
franchise  of  the  Ontario  Power  Com- 
pany covers  150,000  horse-power,  and 
that  of  the  Toronto  &  Niagara  Power 
Company  125,000  horse-power,  or  a 
grand  total  of  375,000  horse-power. 
Of  course,  it  is  far  from  likely  that  this 
amount  of  power  will  be  available  for 
many  years  ;  but  should  the  three  com- 
panies proceed  as  energetically  as  they 
are  now  doing,  and  develop  their  fran- 
chise rights  to  the  utmost,  Canadian 
Niagara  would  be  simply  swamped 
with  power,  if  it  were  not  possible  to 
transmit  some  of  it  to  market  across 
the  river  in  the  United  States.  In  fact, 
with  the  right  of  such  transmission, 
there  is  no  demand  for  such  a  quantity 
of  power  within  the  zone  of  profitable 
transmission  about  Niagara  to-day. 
It  has  all  along  been  pointed  out  that 
the  great  power  plants  of  the  Niagara 
Falls  Power  Company  and  of  the  Can- 
adian Niagara  Power  Company  would 
be  of  great  and  important  usefulness 
to  each  other  in  case  of  serious  acci- 
dent to  either,  for  the  interchange  of 


current  service  would  simply  increase 
the  advantages  offered  by  the  con- 
stant current  service  of  the  Niagara 
power  development. 

The  petitions  that  have  been  circu- 
lated on  the  Canadian  side  have 
been  extensively  signed,  and  will  be 
presented  to  the  government.  What 
their  effect  will  be  remains  to  be  seen, 
but  it  may  be  taken  from  what  General 
Francis  V.  Greene  has  said  that  offi- 
cials are  committed  to  allowing  a  free 
transmission.  General  Greene  is  man- 
ager of  the  Ontario  Power  Company, 
and  he  is  quoted  as  saying  :— 

"There  is  no  such  probability.  So  I 
have  been  assured  by  Canadian  gen- 
tlemen who  are  in  positions  to  know 
whereof  they  speak.  Such  a  course 
would  be  folly  on  the  part  of  Canada. 
The  revenue  derived  from  the  trans- 
mission of  power  goes  to  the  mainte- 
nance of  the  park  on  the  Canadian 
side.  At  present  the  park  is  thus  self 
supporting.  The  Canadians  have  all 
the  power  that  they  wish.  If  a  duty 
was  to  be  levied  on  the  power  trans- 
mitted over  here,  the  park  commission- 
ers would  simply  lose  that  revenue 
which  they  now  receive  from  the 
American  franchises.  Canada  is  well 
protected  in  the  matter.  There  is  a 
stipulation  in  existence  which  provides 
that  if  the  Canadians  so  wish  at  any 
time  they  may  have  one-half  of  the 
power.  They  have  no  use  for  such  an 
amount,  so  why  should  they  not  dis- 
pose of  the  superfluous  power  to  the 
Americans  ?  I  have  been  absolutely 
assured  "that  official  and  popular  senti- 
ment in  Canada  is  strictly  opposed  to 
the  imposition  of  any  such  duty." 


Choosing  Engines  and  Boilers  for  a.n  Electric 

Plant 


THE  choice  of  power, — the  price 
that  is  paid  yearly  for  "making 
the  wheels  go  round," — pre- 
sents, in  the  concrete,  a  problem  of 
which  the  perplexities  are  not  minim- 
ized when  the  details  are  set  before  the 
engineer.  In  a  recent  consideration 
of  the  subject  the  London  "Engineer" 
said: 

Given  £  10,000,  how  can  that  sum 
be  spent  to  the  best  advantage  in  pro- 
viding power  for  a  cotton  mill,  or  an 
electric  generating  station,  or  a  me- 
chanical engineering  works  ?  In  the 
middle  of  the  last  century  the  ques- 
tion presented  very  few  difficulties. 
Choice  was  limited.  There  was  the 
steam  engine,  and  nothing  else;  and  to 
all  intents  and  purposes  there  was  only 
one  steam  engine, — a  big  machine, 
with  a  condenser,  and  a  beam,  and  a 
parallel   motion,   and   a  maximum   of 


50  revolutions  per  minute,  and  35- 
pound  or  40-pound  steam.  The  best 
that  can  be  said  of  such  an  engine  was 
that  it  never  wore  out,  cost  nothing 
for  repairs,  and  revolved  and  recipro- 
cated with  the  regularity  of  a  clock. 
Nor  had  the  steam  user  a  wide  range 
of  makers  from  whom  to  get  his  en- 
gines. The  manufacturers  had  to  take 
what  a  few  firms  could  supply  or  go 
without.  Nor  was  there  much  sub- 
stantial difference  between  the  engines 
they  made.  They  all  had  beams,  save 
a  few  vertical  engines  made  about  the 
year  1852  or  1853.  They  all  had  jet 
condensers.  The  boilers  were  either 
Cornish  or  Lancashire.  The  con- 
struction of  the  steam  engine  was  mo- 
notonous in  its  uniformity.  As  there 
was  small  choice,  there  was  small  re- 
sponsibility. The  consulting  engineer 
who  recommended  a  particular  type 
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of  engine  could  not  be  accused  of 
making  a  mistake.  One  steam  engine 
was  as  good  as  another,  if  not  bet- 
ter; and  the  engine  which  a  millowner 
had  was  invariably  superior  to  that 
possessed  by  any  and  every  other  mill- 
owner. 

These  happy  conditions  have  ceased 
to  exist,  and  a  host  of  competitors 
with  a  multitude  of  engines  hunt  per- 
sistently for  customers.  We  have  the 
results  of  scientific  investigations  em- 
bodied in  iron,  steel  and  brass.  It  is 
true  that  the  investigation  has  usually 
been  made  after  the  engine.  But  the 
dispassionate  critic  will  reasonably 
ask:  How  could  it  be  otherwise? 
Until  the  facts  had  been  ascertained 
by  direct  experiments,  what  could  the 
physicist  or  the  mathematician  do? 
It  ought  to  have  been  a  source  of 
much  gratification  to  James  Watt  to 
be  told  that  his  invention  of  the  sepa- 
rate condenser  was  all  right  in  theory. 
Fortunately,  he  did  not  live  long 
enough  to  learn  that  he  was  only  a 
few  years  before  his  time.  The  phys- 
icist would  certainly  have  deduced  the 
separate  condenser  from  his  special 
knowledge  of  thermodynamics.  In 
the  present  day,  between  the  inventor 
and  the  physicist  various  forms  of 
power  have  been  placed  upon  the  mar- 
ket, of  which  our  grandfathers,  or  our 
earlier  fathers,  did  not  dream.  The 
man  who  is  now  called  upon  to  spend 
£10,000 — or  any  other  sum  greater  or 
smaller — on  motive  power,  has  a 
choice  before  him  full  of  doubt  and 
hesitation.  Shall  he  use  steam,  or 
gas,  or  oil  engines?  If  the  former, 
what  is  the  pressure  to  be?  What  the 
type  of  boiler?  Is  the  engine  to  be 
triple-expansion  or  compound  ?  What 
is  the  valve  s;ear  to  be  ?  Is  the  con- 
denser  to  be  jet  or  surface?  Is  there 
to  be  a  pond,  a  cooling  tower,  or  a 
well  ?  Are  the  boilers  to  be  water- 
tube,  or  Lancashire,  or  marine?  Is 
the  draught  to  be  got  by  a  chimney,  or 
by  forcing  fans  or  by  suction  fans  ? 
Are  automatic  stokers  to  be  used  or 
not?  How  is  the  water  to  be  softened  ? 
Are  the  engines  to  be  vertical  or  hori- 
zontal ;  or  are  turbines  to  be  selected 
in  lieu  of  piston  engines?  In  this  ap- 
parently long  catalogue  we  have  really 
given  but  a  few  of  the  questions  which 
the  steam  user  or  the  engineer  has  to 
decide,  questions  of  which,  as  we  have 
said,  our  forefathers  knew  nothing. 

It  is  a  noteworthy  fact  that  no  gen- 
eral rule  of  action  can  be  laid  down,  or 
any  definite  instructions  derived  from 
experience  provided  for  the  guidance 
of  the  engineer  who  is  called  in  to  help 
the  steam  user  to  a  decision..  The 
steam  user  may  be  a  big  municipality, 
or  the  owner  of  a  comparatively  small 
mill  or  factory.  The  moral  responsi- 
bility of  the  consulting  engineer — and 


by  this  title  we  mean  the  man  with 
whom  the  ultimate  decision  lies- — is 
the  same.  In  either  case  he  must  do 
his  best  for  his  clients.  In  what  does 
this  best  consist  ?  What,  in  a  word,  is 
best  for  the  prospective  steam  user  ? 
Fortunately  the  answer  to  this  ques- 
tion is  very  simple — that  plant  will  be 
best  that  involves  the  smallest  annual 
outlay,  and  is  always  ready  when 
wanted.  We  are  almost  disposed  to 
put  the  second  condition  first.  It 
should  certainly  go  first  where  the 
public  are  concerned.  It  is  on  the 
whole  more  important,  for  example, 
that  an  electric  generating  station 
should  always  and  continuously  sup- 
ply current  of  the  proper  potential  and 
quantity  to  its  customers  than  it  is 
that  moderate  economies  should  be 
effected.  We  need  not  labor  on  this 
point.  The  truth  is  self-evident.  But 
this  conceded,  we  have  still  a  great 
vista  of  possibilities  opened  before  the 
consulting  or  municipal  engineer. 

To  concentrate  our  ideas,  let  us  sup- 
pose that  £10,000  have  to  be  spent  in 
providing  power  in  a  new  electric  light 
station,  in  a  district  wher^  coal  is 
cheap  and  plenty.  The  power  that 
can  be  obtained  for  the  sum  named  is 
moderate.  We  may  assume  that  the 
machinery  used  will  not  break  up,  and 
so  far  clear  the  ground.  What  is  the 
more  likely  to  comply  with  the  broad 
conditions  which  we  have  laid  down — 
a  steam  engine  or  a  gas  engine  ?  Let 
us  suppose  the  former  is  thought  best. 
What  type  of  engine  shall  be  used, 
piston  or  turbine  ?  It  seems  to  be 
almost  impossible  to  arrive  at  the 
truth  concerning  the  annual  cost  of 
power  produced  by  any  type  of  en- 
gine. '  Deal  with  figures  how  a  corre- 
spondent may,  there  is  always  ready 
some  one  else  with  another  set  of  fig- 
ures to  upset  the  conclusions  of  the 
first.  Take,  again,  the  question,  which 
shall  it  be,  superheaters  or  econo- 
mizers, or  both  ?  We  must  once  more 
fall  back  on  the  old  Irish  saying:  "One 
is  as  good  as  the  other,  and  better;" 
or,  to  put  it  in  another  way,  whichever 
the  engineer  adopts,  he  will  be  sorry 
or  glad,  as  the  case  may  be,  that  he 
did  not  have  the  other. 

Out  of  all  the  turmoil  it  seems  as 
though  one  fact,  and  one  only,  comes 
always  to  the  top.  It  is  the  small  part 
relatively  that  the  mere  cost  of  fuel 
bears  to  the  total  cost  of  power.  Even 
at  the  very  high  price  of  18s.  6d.  a  ton 
in  the  furnaces,  one  penny  buys  about 
10  pounds  of  coal,  and  an  engine  of 
1000  indicated  H.  P.,  using  2000 
pounds  of  coal  per  hour,  represents  an 
expenditure  of  20od.,  or  t6s.  8d.  per 
hour.  By  cutting  down  the  con- 
sumption by  half  a  pound,  the  cost 
would  be  reduced  to  12s.  6d.  an  hour; 
or  for  a  day  of  twenty  hours,  by  £4  3s. 


4cl.;  or  for  300  days  in  the  year  the  re- 
duction would  mean  £1250. 

Ostensibly  this  is  very  well  worth 
having;  but  before  the  steam  user 
jumps  to  that  conclusion,  and  acts 
upon  it,  he  will  do  well  to  ascertain 
the  price  which  the  reduction  in  the 
consumption  of  coal  will  cost  him.  It 
will  probably  represent  a  large  outlay 
on  boilers  and  engines;  more  space 
occupied;  more  rent  to  pay;  more 
skilled  labor;  more  risk  of  a  break- 
down; higher  boiler  pressure;  more 
condensing  water;  more  lubricants; 
less  flexibility  in  the  load  that  can  be 
carried.  We  may  add  that  in  generat- 
ing stations  this  latter  factor  is  of 
great  importance.  Highly  economi- 
cal engines  have  always  one  load,  and 
one  load  only,  at  which  they  do  their 
best,  and  it  is  an  open  secret  that  very 
expensive  engines  sometimes  are 
found  to  be  actually  more  costly  to 
run  than  much  cheaper  machinery, 
because  the  load  varies. 

It  is,  of  course,  impossible  within 
the  limits  of  a  short  article  to  do  more 
than  direct  attention  to  the  difficulties 
which  stand  in  the  way  of  the  engineer 
who  is  called  upon  to  make  a,  selection 
among  the  claims  of  various  types  of 
mechanism  for  driving  dynamos,  or 
spinning  machinery,  or  tools.  It  is 
not  easy  for  any  man  to  steer  a  course 
which  he  can  be  certain  in  the  end  was 
the  best. 


Electric  Oven 

IN  the  article  entitled  "Electric 
Ovens:  Baking  With  Niagara 
Power,"  which  appeared  in  the 
March  issue  of  The  Electrical 
Age,  it  should  properly  have  been 
stated  that  the  ovens  in  question,  bak- 
ing what  is  known  as  "Triscuit,"  in 
the  large  cereal  food  plant  of  the 
National  Food  Company,  at  Niagara 
Falls,  were  supplied  by  the  Simplex 
Electric  Heating  Company,  of  Cam- 
bridge, Mass. 

These  particular  ovens  represent  a 
most  important  step  in  the  manufac- 
ture of  electric  heating  apparatus  and 
afford  one  of  the  most  conspicuous 
possible  practical  demonstrations  of 
the  effectiveness  of  the  Simplex  Com- 
pany's product,  and  of  electric  heat- 
ing apparatus  in  particular,  which  in 
the  minds  of  some  required  a  demon- 
stration similar  to  this  to  convince 
them  that  such  apparatus  was  prac- 
tical in  a  large  way,  as  well  as  durable 
under  continuous  and  regular  opera- 
tion. The  Simplex  Company  have 
had  many  thousand  ovens  running  at 
Niagara  Falls  for  upwards  of  a  year 
and  a  half,  completely  successful  from 
point  of  endurance,  uniform  behavior 
and  all  around  effective  work  for  the 
purpose  they  were  designed. 
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The  Moore   Vacvrum   Tvibe   Light 


By  JAMES    BRONIS 


ABOUT  ten  years  ago,  when 
D.  McFarlan  Moore  undertook 
the  production  of  a  "wireless 
electric  light"  that  would  be  as  cool 
as  the  atmosphere,  as  complete  in 
color  values  as  the  spectrum  and  as 
efficient  as  the  light  of  day,  he  was 
given  no  encouragement  by  men  of 
science  who  were  familiar  with  the  un- 
successful attempts  of  many  earlier  in- 
ventors. Yet  Mr.  Moore  was  confi- 
dent that  it  lay  in  the  power  of  human 
ingenuity  to  bring  together  those 
components  that  would  efficiently 
produce  artificial  light  equalling  nat- 
ural light  in  every  respect. 

Science  will  not  have  thoroughly 
mastered  the  laws  of  nature  until  it 
is  possible  to  transform  any  form  of 
energy  into  any  other  form  of  energy. 
All  energy  may  be  conveniently  di- 
vided under  seven  heads.  Not  only 
should  it  be  possible  to  transform  any 
one  of  these  heads  into  any  other 
one,  but  we  should  know  how  to  do  it 
efficiently.  Some  of  these  transforma- 
tions it  is  now  possible  to  effect  with 
almost  ideal  efficiency.  Electric  en- 
ergy, for  example,  can  be  transformed 
into  mechanical  energy  with  an  effi- 
ciency of  98  per  cent,  but  when  the 
problem  is  to  transform  electrical 
energy  into  energy  in  the  form  of 
light,  the  efficiency  drops  to  2  per 
cent. 

It  ought  to  be  possible,  however, 
to  make  a  lamp  as  efficient  as  a  motor, 
so  that  electric  energy  could  be  trans- 
formed into  light  just  as  cheaply  as 
into'  power.  The  most  commonly  and 
widely  used  device  of  to-day  for  this 
purpose  is  the  incandescent  lamp,  and 
there  is  little  prospect  of  increasing  the 
efficiency  of  this,  as  its  principle  is 
wrong,  the  lamp  being  a  mere  concen- 
tration of  heat,  and  the  only  way  of 
increasing  its  efficiency  being  to  in- 
crease the  temperature  of  the  fila- 
ment, which  the  mechanical  difficul- 

5— 1 


ties  due  to  the  rupture  of  the  filament 
make  prohibitive.  However,  if  the 
conducting  medium  be  changed  from 
a  solid  condition  to  a  gaseous  state, 
then  it  would  be  conceivable  that  each 
individual  molecule  could  be  raised 
to  a  very  great  heat  without  any 
resulting  mechanical  difficulties,  be- 
cause there  would  be  no  filament  to 
break. 

Thought  along  this  line  leads  to  the 
interesting  parallelism  of  the  develop- 
ment of  the  incandescent  lamp  and  the 


development  of  the  vacuum  tube.  In 
.the  one  case  the  search  was  for  a  vege- 
table fibre  that  would  be  suitable,  and 
in  the  other  for  a  vegetable  gas,  but 
dealing  with  an  intangible  substance 
in  the  latter  case  made  the  problem 
far  more  intricate  than  experimenting 
with  material  substances.  During  the 
incandescent  lamp  development  every 
conceivable  kind  of  filament  was  care- 
fully tried,  and  in  the  same  way  Mr. 
Moore  experimented  with  different 
gases,   his   labors   culminating   a   few 


A    COUNTING    ROOM    LIGHTING   EFFECT.       THE    MOORE    TUBE    HERE    USED    IS    I54    FEET 
LONG   AND    1^4    INCHES   IN    DIAMETER 
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weeks  ago  in  the  first  commercial  in- 
stallations of  his  electric  light  in  the 
city  of  New  York. 

The  largest  of  these  installations  is 
at  one  of  the  branch  offices  of  the  New 
York  "World,"  consisting  primarily 
of  a  vacuum  tube  154  feet  long,  this 
alone  illuminating  the  whole  office. 
It  is  of  interest  to  note  that  probably 
never  before  has  a  tube  of  these  di- 
mensions and  character  been  con- 
structed. The  office  is  63  feet  long 
and  18  feet  wide,  with  a  ceiling' about 
j  3  feet  high.  A  continuous  Moore 
tube  is  placed  around  the  room  at  a 
distance  of  about  3  feet  from  the  walls 
and  3  feet  from  the  ceiling.  It  is  sus- 
pended by  brass  fixtures  made  of  •§- 
inch  brass  tubing  terminating  in  brass 
rings  with  felt  lining  to  receive  the 
tube.  The  tube  was  made  up  of  8^- 
foot  lengths  of  glass  tubing  welded 
"in  situ."'  The  tubing  is  if  inches  in 
diameter,  with  1-16-inch  wall  thick- 
ness. Many  special  glass-working  ap- 
pliances had  to  be  invented  by  Mr. 
Moore  for  the  work,  which  at  first 
seemed  absolutely  impossible  to  ac- 
complish.     The    tubing     follows    the 


contour  of  the  room  and  forms  a  con- 
tinuous lamp  154  feet  long. 

At  the  rear  of  the  office  there  is  an 
iron  terminal  box.  The  two  ends  of 
the  vacuum  tube  enter  this  box  and 
terminate  in  electrodes  supplied  from 
a  transformer  fed  by  a  uo-volt  alter- 
nating current.  The  transformer  is  of 
special  design  and  of  1^  K.  W.  ca- 
pacity. A  current  of  50,000  alterna- 
tions is  used,  being  obtained  from  a 
motor-generator  set  in  the  basement, 
which  changes  over  the  direct  current 
from  the  New  York  Edison  mains. 
The  motor  of  this  set  is  of  j\  H.  P., 
mounted  on  the  same  cast  iron  base 
and  direct-connected  to  the  generator, 
a  Moore  special  inductor  type,  100 
volts,  50  amperes,  running  at  1800 
revolutions  per  minute. 

On  the  front  of  the  building  is  a 
double  sign  box  of  iron,  with  glass 
sides  protecting  signs  in  script  type  on 
either  side  reading  "The  World," 
This  vacuum  tubing  is  §  inch  in  diam- 
eter, and  is  mounted  on  a  sign  board 
with  terminals  on  the  other  side  form- 
ing a  complete  unit. 

As  soon  as  the  current  is  turned  on. 


the  154-foot  tube  immediately  glows 
with  an  intense,  steady  white  light, 
which  completely  illuminates  the 
room.  The  similarity  to  daylight  is 
marked,  and  the  desks  are  as  well 
lighted  as  in  the  daytime,  with  the  ad- 
ditional feature  of  no  heavy  shadows 
being  cast  on  account  of  the  excel- 
lent diffusion  of  the  light.  The  effi- 
ciency of  the  light  is  indicated  by  the 
statement  that  it  is  operating  at  2.5 
watts  per  candle,  which,  contrasted 
with  the  ordinary  incandescent  lamp 
at  3.5  or  4  watts,  shows  that  the  oper- 
ation of  the  vacuum  tube  is  over  30 
per  cent  cheaper  than  the  same 
amount  of  light  produced  by  the  in- 
candescent lamp.  It  is  now  operating 
at  an  intensity  of  6  candle  power  per 
foot  of  tube  length. 

The  tube  appears  to  be  filled  with 
a  dense  white  smoke,  and  the  light  ra- 
diating from  it  is  about  like  that  com- 
ing through  the  white  clouds  on  a 
-summer  day.  One  can  stare  at  the 
tube  without  any  inconvenience  what- 
ever. Everything  in  the  room  appears 
in  its  natural  color,  and  the  pictures 
on    the    wall    and    the    multi-colored 
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time-tables  in  the  rack  are  shown  up 
very  clearly.  The  extreme  softness  of 
the  light  makes  the  room  pleasant  and 
restful. 

At  night  the  signs  in  front  of  the 
building  have,  at  a  distance,  a  slight 
bluish  gray  tint,  like  the  sky  in  winter 
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FIG.   I. A  GEISSLER  TUBE 

time,  but  on  nearer  approach  their 
absolute  daylight  whiteness  is  appar- 
ent. 

Another  installation  is  at  the  en- 
trance to  a  prominent  photographic 
studio.  There  the  vestibule  is 
lighted  from  a  vacuum  tube  fol- 
lowing the  walls  and  the  con- 
tour of  the  15 -foot  semi  -  circu- 
lar canopy,  as  shown  in  the  illustration 
on  page  269.  This  is  perhaps  the  most 
distinctive  effect  yet  produced  in  ves- 
tibule lighting,  and  recpiired  some 
very  elaborate  glass  blowing. 

The  bona  fide  vacuum  tube  has  al- 
ways been  associated  with  high  volt- 
ages to  properly  operate  it,  and  al- 
though theoretically  it  has  long  been 
acknowledged  to  possess  certain  prop- 
erties which  indicated  that  it  would  be 
the  light  of,  the  future,  the  serious 
problem  always  presented  itself  of 
making  it  thoroughly  commercial 
with  its  attendant  high  voltage.  This 
problem  Mr.  Moore  believes  he  has 
solved  in  his  system  by  confining  the 
high  voltage  entirely  within  the  al- 
ready mentioned  transformer  case, 
which  is  absolutely  proof  against  dan- 
ger to  either  life  or  property.  This 
case  is  made  like  an  ordinary  cast  iron 
or  steel  transformer  case,  the  main 
difference  being  that  space  is  left 
within  for  the  tube  terminals,  the  live 
portions  of  which  are  kept  entirely 
within  the  case,  so  that  the  two  glass 
tubes  extending  from  it  are  perfectly 
harmless,  and  the  only  wires  entering 
the  case  are  the  two  ordinary  low-po- 
tential (100  volt)  wires. 

Figs.  1  and  2  make  the  above  ex- 
planations   perfectly     clear.     Fig.     1 


shows  an  ordinary  Geissler  tube  oper- 
ated from  an  ordinary  induction  coil 
in  which  the  high-potential  wires  are 
entirely  exposed,  and  therefore  make 
the  practical  use  of  such  an  arrange- 
ment, even  though  the  light  could  be 
made  bright  enough  and  its  life  long 
enough,  absolutely  impractical.  But 
Fig.  2  shows  how  this  seemingly  un- 
surmountable  obstacle  has  been  com- 
pletely overcome  by  simply  having  no 
high-potential  wires  exposed,  and  us- 
ing the  harmless  glass  tube  itself  as 
the  means  for  transmitting  the  energy 
from  within  the  danger-proof  case,  it 
is  this  danger-proof  box  idea  that 
makes  practical  the  construction  of 
tubes  of  great  length  because  on  ac- 
count of  the  danger-proof  case  the 
voltage  within  it  can  be  made  any- 
thing desired.  As  the  tube  A  is  made 
longer,  the  voltage  at  B  must  be 
higher  to  correspond  with  it. 

One  of  the  fundamental  principles 
of  glass  blowing  is  that  the  soft  molten 
glass  must  be  kept  revolving  so  that 
it  will  not  fall  in  on  itself,  but  it  is 
readily  seen  that  it  would  be  impos- 
sible to  revolve  tubes  of  any  great 
length,  especially  when  constructed  in 
permanent  position  on  the  premises 
to  be  lighted.  But  all  of  these  diffi- 
culties have  been  overcome  so  that  a 
perfect  joint  between  these,  compara- 
tively speaking,  large-size  tubes  can 
be  made  in  a  few  minutes.  Of  the 
many    devices    worked    out    bv   Mr. 


finally  resulted  in  a  new  form  of  port- 
able high-vacuum  mechanical  pump 
driven  by  an  electric  motor.  The 
glass  vacuum  lighting  tube  is  provided 
at  the  terminal  box  with  an  exhaust 
nipple  to  which  is  attached  a  rubber 
hose  leading  to  the  vacuum  pump 
placed  in  any  convenient  place.  After 
the  proper  degree  of  exhaustion  has 
been  reached,  the  nipple  is  sealed  off 
and  the  pump  is  removed.  The  chem- 
icals from  which  the  distinctive  gas 
within  the  tube  is  evolved  is  placed 
within  the  terminals  before  the  ex- 
haust pump  is  started. 

Two  salient  features  of  this  danger- 
proof  case  are,  first,  keeping  the  ter- 
minals of  the  high-potential  winding 
entirely  within  the  case  in  which  this 
high  potential  is  generated;  and  sec- 
ond, extending  from  the  case  simply 
two  plain  glass  tubes  from  which  no 
shock  can  be  felt.  The  case  will  per- 
mit of  numerous  modifications  to  ac- 
commodate tubes  of  various  lengths 
from  a  few  inches  to  hundreds  of  feet. 
Such  a  case  or  transformer  terminal 
box  can  be  located  on  the  wall  of  a 
room  and  the  tube  made  long  enough 
to  extend  all  the  way  around  the 
room.  Since  it  is  now  thoroughly 
practical  to  thus  build  up  a  tube  "in 
situ,"  and  exhaust  it,  such  a  system  of 
illumination  has  so  many  advantages, 
both  theoretical  and  practical,  as  to 
make  it  the  culmination  of  artificial 
light     production.       A     room     thus 


DIRECT-CURRENT  MAINS 


OR 


ALTERNATING-CURRENT  MAINS 


FIG.    2. THE    MOORE    METHOD   OF   GUARDING   THE    HIGH-POTENTIAL   CONNECTIONS 


Moore  for  this  purpose,  probably  the 
most  important  was  a  radically  new 
form  of  portable  glassblower's  gas 
fire. 

The  next  important  problem  was 
how  to  practically  solve  the  problem 
of  exhausting  such  large  tubes  and 
under  such  conditions.  This  also  in- 
volved   much    difficult    work    which 


equipped  with  a  tube  in  a  position, 
corresponding,  say,  with  the  usual  pic- 
ture moulding,  the  ends  of  which  are 
brought  within  an  inch  or  so  of  each 
other  before  they  enter  the  trans- 
former case,  is  lighted  in  a  manner 
which  fulfills  all  of  the  requisites  of 
perfect  illumination — a  result  never 
before  attained. 
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Mr.  Moore  has  carefully  worked  out 
the  various  devices  necessary  for  prac- 
tically installing  his  system,  and  has 
proven  that  the  whole  scheme  of  "pip- 
ing" light,  similar  to  the  manner  in 
which  gas  and  water  are.  distributed,  is 
thoroughly  practicable.  The  illumin- 
ation is  perfectly  steady  and  the  bril- 
liancy of  each  square  inch  of  tubing, 
due  to  the  principles  on  which  the  sys- 
tem is  based,  can  be  made  as  great  as 
desired — from  nothing  to  15  or  20 
candle-power  per  foot  of  2-inch  tub- 
ing. The  diffusion  of  the  light  is  per- 
fect. It  illuminates  without  the  glare 
of  the  arc  or  incandescent  lamp,  and 
it  casts  no  shadows.  Since  the  end 
sought  is  daylight  imitation,  an  ideal 
light  cannot  emanate  from  units  or 
spots  but  only  from  many  sides,  hence 
the  desirability  of  the  continuous  tube 
or  its  equivalent. 

The   lieht   radiates   from   a  source 


scarcely  perceptible,  because  it  is 
placed  out  of  the  direct  line  of  vision. 
If  placed  on  the  wall  or  ceiling  it  not 
only  dispenses  with  cumbersome  fix- 
tures, but  also  reduces  to  a  minimum 
the  liability  of  being  broken,  which,  in 
any  event  is  not  great,  as  heavy  walled 
glass  tubing  is  surprisingly  strong. 
However,  if  it  should  become  cracked 
or  broken  it  can  be  repaired  in  a  few 
minutes.  Twin  tubes  also  can  be  in- 
stalled if  desired.  In  first  cost  it  is 
cheap,  when  operated  directly  by  the 
alternating  current  from  street  mains, 
and  therefore  without  a  motor-gen- 
erator set. 

The  light's  main  principle  is  right. 
We  have  here  the  electric  heating  of 
a  gas  as  opposed  to  the  electric  heat- 
ing of  a  solid.  The  incandescent  lamp 
has  reached  its  limit  in  development, 
while  the  tube  is  only  starting  in  its 
career,  and  there  is  every  reason  to 


believe  that  a  light  of  daylight  color 
and  diffusiveness  will  eventually  be 
produced  at  a  cost  of  one-eighth  that 
of  the  incandescent  lamp. 

The  light,  further,  is  safe.  The  high 
voltage  is  confined  within  the  trans- 
former case  as  already  explained. 
The  board  of  fire  underwriters  ap- 
proved the  claim  that  it  reduces  the 
number  of  circuit  devices,  lamps, 
sockets,  key  switches,  binding  posts, 
flexible  cords,  fixtures,  conduits,  fuse 
blocks,  etc.,  etc.,  to  a  minimum.  In 
its  final  development  it  will  tend  to  do 
away  with  much  of  the  wiring  in  use 
to-day. 

The  term  "life"  cannot  be  applied  to 
this  system  as  it  is  to  the  incandescent 
lamp,  but  rather  as  it  is  to  the  arc 
lamp,  because  the  tube  is  installed  as 
a  permanent  fixture,  and  when  the 
light  becomes  dim  it  requires  another 
"dose"  of  gas,  easily  administered,  to 
give  it  another  lease  of  life.  While  an 
incandescent  lamp  is  considered 
worthless  at  the  end  of  about  400 
hours'  service,  some  of  the  vacuum 
tubes  on  test  at  the  laboratory  of  the 
Moore  works  have  run  for  1800  hours 
without  showing  any  signs  of  diminu- 
tion. 

The  tube  or  tubes  can  be  made  of 
any  size,  shape  or  length,  from  a  few 
inches  up  to  500  or  more  feet. 

On  account  of  the  perfect  color 
values  of  the  Moore  light  it  is  used 
with  great  success  by  some  of  the 
foremost  photographers  in  New  York 
City,  and  the  results  obtained  at  night 
or  on  cloudy  days  are  equal,  and  in 
many  cases  superior,  to  those  obtained 
in  actual  daylight.  The  portrait  of  the 
inventor,  which  is  herewith  repro- 
duced, was  made  with  a  three  seconds' 
exposure  at  night.  The  photographic 
window  shown  on  this  page  consists  of 
a  large,  flat,  window-like  box,  5-|  feet 
long  by  4^  feet  wide,  pivoted  at  the 
center  of  its  two  sides  between  two 
uprights  extending  from  a  box-like 
base  mounted  on  casters.  As  a  whole 
it  actually  constitutes  a  movable  sky- 
light, making  it  of  great  advantage  in 
getting  the  light  exactly  focussed  on 
the  subject.  Since  the  window  proper 
is  pivoted,  it  is  possible  to  get  as  much 
or  as  little  top  light  as  desired.  The 
light  all  emanates  from  one  vacuum 
tube  bent  back  and  forth  upon  itself 
eight  times,  these  principal  lengths  be- 
ing arranged  vertically  over  the  entire 
surface  of  the  front  of  the  window, 
about  6  inches  apart. 

The  ends  of  this  tube,  which  has  a 
total  length  of  43  feet,  extend  back 
through  the  face  of  the  window,  which 
is  painted  a  dull  white,  and  terminate 
in  the  electrodes  placed  in  the  back  of 
the  window.  They  are  in  immediate 
connection  with  a  transformer  fed 
from  any  alternating  source.     Since 
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the  tube  has  a  life  of  at  least  iooo 
hours,  it  is  kept  lighted  constantly 
when  pictures  are  to  be  made,  thus  do- 
ing" away  with  the  very  objectionable 
flash-light  powders  heretofore  used. 
When  the  tube  is  operating  at  about 
5  candle-power  per  foot  (about  200 
candle-power  total)  photographs  can 
be  taken  with  an  exposure  the  same 
as  with  good  daylight  conditions,  and 
the  power  required  is  about  one-fifth 
as  much  as  that  necessary  to  obtain 
comparable,  though  greatly  inferior, 
results  by  means  of  arc  lamps. 

An  apparatus  similar  to  this  pho- 
tographic window  is  also  successfully 
used  as  an  artificial  skylight  by  being 
fastened  to  the  ceilings  of  show  win- 
dows, dark  stores,  vestibules,  etc. 

Of  course  this  is  a  "wireless  electric 
light/'  and  is  produced  by  electric 
current  flowing  through  a  gas  con- 
fined in  the  so-called  vacuum  tube. 
This  tube  may  be  straight,  curved  or 
bent  in  the  glassblower's  most  intri- 
cate fashion,  and  be  installed  in  any 
position  and  under  any  reasonable 
condition  of  temperature,  in-doors  or 
out.  The  manufacture  of  the  gas  vised 
in  the  tubes  is  one  of  the  most  import- 
ant of  the  many  discoveries  and  in- 
ventions made  by  Mr.  Moore.  It  is 
a  product  which  is  not  found  in  nature 
and  was  discovered  only  after  numer- 
ous chemical  experiments. 

The  terms  "Geissler  tube"  and 
"vacuum  tube"  are  understood  to  be 
very  broad  and  apply  to  any  form  of 
hermetically  sealed  enclosure,  the 
pressure  within  which  is  less  than 
that  of  the  atmosphere  and  which  is 
traversed  by  an  electric  current.  A 
perfect  vacuum,  however,  has  never 
been  attained,  and  the  main  distinction 
between  many  forms  of  vacuum  tubes 
is  simply  in  the  degree  of  their  ex- 
haustion. For  example,  it  is  a  com- 
paratively easy  matter  to  exhaust  a 
vacuum  tube  to  such  a  high  degree 
that  it  will  not  give  any  light.  In 
other  words,  not  enough  molecules  or 
atoms  remain  within  it  to  transmit  the 
electric  current. 

An  ordinary  X-ray  tube  gives 
practically  no  light,  and  one  of  its 
most  annoying  troubles  is  that  its 
vacuum,  on  running,  actually  becomes 
too  high.  All  light  emanating  from 
any  vacuum  tube  is  due  to  the  elec- 
tricity agitating  a  gaseous  residue  that 
is  within  it. 

Although  these  recent  advances  of 
Mr.  Moore  are  radically  new,  the  fun- 
damental principles  involved  in  his 
system  are  old.  During  1675,  a 
French  monk  named  Picard,  while 
handling  a  mercury  barometer,  no- 
ticed that  the  friction  of  the  mercurv 
in  the  tube  caused  the  latter  to  glow 
with  a  faint  light.  Thirty  years  later 
one  Hawksbee  took  a  glass  bulb,  held 


his  hand  against  it  while  it  was  revolv- 
ing rapidly,  and  noticed  light  within  it. 
Therefore  the  first  "electric  light" 
ever  made  was  a  "vacuum  tube"  light. 
There  was  a  long  line  of  investigators 
down  to  Geissler,  whose  tubes  have 
been  experimented  with  by  almost 
every  country  professor,  as  well  as  by 
leading  electricians,  but  have  not  been 
improved  upon,  and  are  still  sold  in 
much  the  same  form  as  that  in  which 
he  first  made  them.  They  have  never 
been  seriously  considered  as  a  means 
of  illumination,  because  they  are  too 
small,  the  quantity  of  light  given  by 
them  is  almost  negligible,  they  are  ex- 
tremely inefficient,  and  last,  but  of 
greatest  importance,  they  will  give 
their  feeble  glow  for  only  a  few  min- 
utes, both  because  of  their  mechanical 
construction  and  the  fact  that  the  resi- 
dual gases  left  in  them  are  not  any 
more  suitable  for  electric  transmission 
than  a  press  wire  would  be  as  a  fila- 
ment for  an  incandescent  lamp. 

By  means  of  improved  and  new  in- 
ventions in  clamps,  methods  of  heat- 
ing and  other  glass-working  appara- 
tus, Mr.  Moore  has  developed  a  new 
trade,  "glass  plumbing,"  making  it 
possible  to  weld  glass  tubing  with  an 


something  not  approached  at  all  near 
enough  by  any  other  artificial  light  to 
allow  of  this  being  done.  In  color 
photography  and  photo-engraving  the 
advantages  of  such  perfect  color 
values  and  constancy  of  light  are 
many. 

Various  department  stores  are  now 
fully  realizing  the  value  of  artificial 
daylight  in  their  establishments.  For 
general  illumination  a  straight  if -inch 
tube  can  be  installed  throughout  an 
entire  store,  or  any  part  of  it,  or  a  pho- 
tographic window  can  be  introduced 
in  some  of  the  many  departments;  for 
example,  in  the  ribbon  department  for 
matching  colors;  in  the  flower  depart- 
ment for  the  natural  daylight  effect; 
in  the  costly  rug  and  fabric  depart- 
ments and  in  the  art  galleries  to  ex- 
hibit the  true  tints  of  paintings. 

In  industrial  establishments  where 
the  workmen  need  the  best  light  pos- 
sible, a  continuous  diffused  white  light 
will  be  preferable  to  an  incandescent 
lamp  here  and  there,  and  in  dusty 
foundries  where  water  will  not  dam- 
age anything,  the  hose  can  simply  be 
turned  on  the  vacuum  tube  when  not 
operating  and  thus  clean  off  all  the 
accumulated  dust  and  dirt.    Being  en- 
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efficiency    equal    to    that    of    regular 
plumbing. 

The  field  of  application  for  the 
Moore  light  in  photography  alone  is 
comprehensive.  Not  only  are  the  ex- 
posures made  by  a  light  of  constant 
uniformity  in  strength  and  length  of 
time,  but  artists  mix  their  colors  un- 
der the  artificial  daylight,  and  thus 
prove    its    absolute    color    efficiency, 


tirely  dust  and  moisture  proof,  instal- 
lations of  the  light  can  be  made  in 
boiler  rooms,  under  water,  and,  in  fact, 
almost  anywhere. 

In  the  lighting  of  residences  many 
new  and  heretofore  unattainable  ef- 
fects may  be  produced,  and  by  simply 
changing  the  nature  of  the  gas  within 
the  tubes,  apartments  can  be  bathed 
in   successive   shades   and  colors.     A 
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dining  room  or  conservatory  illumin- 
ated with  the  artificial  daylight  is 
pleasing  beyond  description. 

It  is  confidently  prophesied  that  the 
vacuum  tube  artificial  daylight  will  be 
produced  at  a  less  cost  than  any  other 
form  of  illumination,  and  in  the  future 
buildings  will  be  "piped"  for  this  light 
as  they  are  now  piped  for  gas  and 
water;  and  in  steamships,  ferryboats, 
railroad  trains  and  trolley  cars,  in  pub- 
lic buildings  and  on  the  thoroughfare^, 
long  after  the  sun  has  set  there  will 
be  a  light  that  shineth  as  the  light  of 
day. 


A  new  metal,  which  is  similar  to 
aluminium,  but  still  of  lesser  weight, 
has  been  discovered  by  the  French 
engineer,  Albert  Nodon,  and  called 
"nodium,"  after  him.  In  color,  lustre 
and  structure  it  is  like  steel. 


THAT  every  electrical  engineer 
and  central  station  manager 
ought  to  be  acquainted  with 
the  advantages  of  electrically-driven 
machines,  and  should  post  himself 
upon  the  improvements  which  are  fre- 
quently being  made  in  this  class  of 
vehicles,  is  the  opinion  of  Howard  S. 
Knowlton,  in  the  New  York  "Elec- 
trical Review."  Not  only  can  cen- 
tral station  revenue  be  increased  by 
offering  charging  facilities,  says  Mr. 
Knowlton,  but  the  entire  develop- 
ment of  electric  automobile  transpor- 
tation hangs  upon  the  attitude  of  cen- 
tral station  men  toward  the  furnishing 
of  a  suitable  current  supply  to  stor- 
age battery  vehicles  at  reasonable 
prices. 

General  touring  of  the  country 
is  at  present  impossible  with  this 
class    of    machine,    and    the    reason 


for  this  is  almost  entirely  due  to 
the  lack  of  charging  facilities. 

Central  stations  exist  for  the  pur- 
pose of  making  money  by  the  sale  of 
current,  not  only  for  lighting  but  for 
power  purposes.  It  is  to-day  difficult 
to  find  a  plant  which  has  no  motor 
load,  whether  the  generators  be 
direct-current  or  alternating.  Out  of 
a  mistaken  central  idea  that  the  light- 
ing load  is  the  only  important  busi- 
ness for  a  central  lighting  station  to 
seek  has  developed  a  conservative 
tendency  to  leave  the  power  field  un- 
exploited — a  tendency  which  has  only 
in  recent  years  been  overcome  by  ad- 
vances in  the  design  of  alternating- 
current  motors  and  a  realization  that 
electrical  machinery  is  most  economi- 
cal when  operated  at  full  load. 

The  owner  of  a  gasoline  or  steam- 
driven  automobile  to-day  finds  little 
difficulty  in  touring  the  country  at 
will.  The  grocery  store  which  does 
not  sell  gasoline  is  a  rare  freak  of  pro- 
vincialism; but  the  central  station 
which  charges  automobile  batteries  is 
one  of  a  sad  minority. 

It  will  amount  to  little  if  isolated 
plants  and  central  stations  widely 
scattered  from  one  another  in  point 
of  distance  establish  charging  sta- 
tions for  automobiles.  What  is  need- 
ed is  a  concerted  effort  on  the  part  of 
all  central  station  men  to  furnish  this 
service.  The  efforts  of  the  Edison 
Electric  Illuminating  Company,  of 
Boston,  to  establish  charging  stations 
in  the  entire  metropolitan  district, 
from  Newburyport  on  the  north  to 
South  Framingham  on  the  west  and 
Brocton  on  the  south,  are  largely  re- 
sponsible for  the  great  increase  in 
electric  automobiles  in  Eastern  Mas- 
sachusetts over  the  number  in  use 
only  two  or  three  years  ago.  The 
town  in  the  United  States  which  has 
no  electric  lighting  service  to-day  is 
very  hard  to  find  in  any  community 
which  has  three  thousand  inhabitants 
or  over. 

There  are  certainly  enough  central 
stations  to  charge  automobiles  pretty 
much  all  through  the  eastern  half  of 
the  United  States,  unless  one  excepts 
the  prairie  States  which  face  the 
Rockies  but  do  not  touch  them. 
Every  one  of  these  central  stations 
uses  direct  current  in  exciting  the 
fields  of  its  generators,  and  almost  all 
of  this  current  is  of  such  a  voltage 
that  battery  charging  through  a  re- 
sistance is  practicable,  if  not  of  the 
highest  economy.  In  automobiling 
for  pleasure,  economy  is  not  at  pres- 
ent the  main  requisite,  and  there  is 
little  doubt  that  the  owners  of  elec- 
tric vehicles  would  be  willing  to  pay 
a  fair  profit  on  the  cost  of  charging 
their  batteries  if  the  mere  facilities 
were  provided. 


Speed   R^egulaLtion   of   Water   Power   Plants 

The    Practical    Side    of   the   Problem 


By  ALLAN   V.  GARRATT 


THE  art  of  governing  water 
power  plants  is  still  in  a  for- 
mative stage.  The  theory  of 
the  subject  is  better  understood  than 
the  practice.  The  former  must  neces- 
sarily take  a  mathematical  form  and 
is  of  interest  chiefly  to  those  engaged 
in  designing  water-wheel  governors. 
The  latter  is  of  interest  to  those  who 
are  engaged  in  the  work  of  designing 
and  building  water  power  plants. 
This  article  will  deal  entirely  with  the 
practical  side  of  the  question,  and  will 
be  illustrated  by  referring  to  details  of 
plants  which  have  been  found  satis- 
factory. 

It  may  be  very  appropriate  to  ask 
first,  why  is  it  so  difficult  to  govern 
the  speed  of  a  water-wheel  ?  Why,  for 
example,  is  it  more  difficult  to  hold 
the  speed  of  a  water-wheel  constant 
under  variable  load  than  it  is  to  do  the 
same  thing  with  a  steam  engine?  In 
one  respect  the  conditions  of  the  two 
things  are  alike,  for  we  know  that 
when  the  steam  engine  or  the  water- 
wheel  is  running  at  a  uniform  speed 
there  is  an  exact  balance  between  the 
foot-pounds  of  energy  being  devel- 
oped in  unit  time  by  the  steam  pass- 
ing through  the  cylinder,  or  the  water 
in  passing  through  the  water-wheel, 
and  the  work  being  done  by  the  en- 
gine or  water-wheel.  The  energy  and 
the  work  are  equal  and  opposite 
forces,  and,  consequently,  the  rate  of 
motion  remains  the  same;  or,  as  a 
helper  around  the  plant  would  proba- 
bly say,  the  power  and  load  are  con- 
stant, and,  of  course,  the  speed  does 
not  change. 

Now  let  us  suppose  we  increase  the 
load  suddenly.  Take,  first,  the  case  of 
a  steam  engine.  Let  us  suppose  that 
the  load  consists  of  the  friction  be- 
tween a  brake  and  the  face  of  a  pulley, 
and  we  suddenly  hang  a  heavier 
weight  on  the  brake.  If  nothing  is 
done  to  prevent  it,  the  speed  of  the 
engine  will  fall  to  such  a  point  that 
the  increased  friction  and  the  slower 
speed  will  be  just  equal  to  the  less 
amount  of  friction  and  the  higher 
speed,  and  the  engine  will  again  run 
at  a  uniform,  though  slower  speed. 
But  the  speed  will  not  instantly  fall 
to  the  lower  uniform  speed,  because 


all  of  the  rotating  part^  01  the  engine 
and  pulley  have  in  them  energy  of  mo- 
tion which  must  be  expended  on  the 
brake  before  the  speed  will  fall  to  a 
uniform  slower  motion.  This  will 
take  an  interval  of  time  which  may 
be  readily  calculated. 

But  now  we  will  suppose  that  the 
engine  is  provided  with  a  good  gov- 
ernor. Soon  (a  small  fraction  of  a 
second)  after  the  heavier  weight  is 
hung  on  the  brake  the  governor  feels 
the  slightly  decreasing  speed,  and  at 
once  sets  the  valve  gear  to  a  position 
which  admits  enough  more  steam  to 
take  care  of  the  increased  load,  and 
the  speed  almost  at  once  comes  back 
to  the  normal,  having  varied  but  very 
little  from  it.  A  first-class  engine 
governor  will  set  the  valve  gear  to  the 
correct  position  for  new  load  in  less 
time  than  it  takes  the  engine  to  make 
one  stroke,  so  that  the  next  time  the 
engine  takes  steam  after  the  load  has 
changed  the  amount  of  steam  admitted 
will  be  just  right  for  the  new  value  of 
load. 

The  engine  governor  is  aided  in  per- 
forming its  work  by  a  number  of 
things,  most  prominent  among  which 
are  the  following: —  ist.  The  valve 
gear  and  valves  are  very  light,  and 
their  position  may  be  changed  with 
great  rapidity.  2.  The  steam  is  high- 
ly elastic,  in  a  greatly  compressed 
state,  and  is  very  mobile,  so  that,  when 
permitted  to  do  so,  it  enters  the  en- 
gine cylinder  with  great  velocity,  and 
begins  to  do  its  work  in  an  almost  in- 
conceivably short  space  of  time.  3d. 
Steam  is  very  light,  and  possesses 
very  little  inertia  in  proportion  to 
the  dynamic  energy  it  develops,  so 
that  its  velocity  in  the  pipes  and  pas- 
sages between  the  boiler  and  cylinder 
may  be  instantly  changed  without 
changing  effective  cylinder  pressure 
appreciably. 

These  factors  should  be  carefully  re- 
membered, for  unfortunately  they  are 
all  lacking  in  the  water-wheel,  and  it 
is  in  the  skillful  attempt  to  approxi- 
mate them,  or  failing  in  that,  to  com- 
pensate for  the  lack  of  them,  that  the 
art  of  water-wheel  regulation  consists. 
In  passing,  it  may  be  said  that  with 
an     engine     of     propor     proportions, 


equipped  with  the  best  form  of  gov- 
ernor, it  is  possible  to  instantly  throw 
on  or  off  the  entire  load  without  in- 
creasing or  decreasing  the  speed  more 
than  1  per  cent  from  the  normal,  the 
variation  lasting  not  over  two  sec- 
onds. This  has  never  been  accom- 
plished with  a  turbine  water-wheel, 
though  it  has  been  approached,  and 
with  an  impulse  or  tangential  water- 
wheel  it  has  been  nearly  realized.  We 
will  now  look  at  the  obstacles  to  be 
overcome  in  governing  water-wheels 
and  the  way  they  have  been  most  suc- 
cessfully surmounted  in  practice. 

Suppose  that  in  place  of  the  steam 
engine  we  have  a  turbine  water-wheel 
doing  work  by  overcoming  the  fric- 
tion between  a  brake  and  the  face  of 
a  pulley.  If  we  suddenly  hang  a  heav- 
ier weight  on  the  brake,  the  speed  will 
drop  to  a  new  constant  value,  the  same 
as  in  the  case  of  the  steam  engine,  only 
in  the  case  of  the  water-wheel  it  will 
probably  arrive  at  its  constant  lower 
speed  sooner  than  the  steam  engine, 
for  the  reason  that  the  rotative  parts 
will  probably  be  lighter  and  smaller 
than  those  of  the  steam  engine,  and 
hence  contain  less  energy  of  motion 
or  kinetic  energy. 

But  we  will  now  suppose  that  the 
water-wheel  is  supplied  with  a  gov- 
ernor. What  will  happen?  Soon  (a 
small  fraction  of  a  second)  after  the 
heavier  weight  is  applied  to  the  brake 
the  governor  will  feel  the  slightly  de- 
creasing speed  and  will  begin  to  open 
the  water-wheel  gate  or  gates,  so  as  to 
admit  more  water.  But  these  gates 
instead  of  being  light  and  highly  lu- 
bricated, like  the  engine  valve,  are 
ponderous  affairs,  weighing  possibly 
thousands  of  pounds ;  they  are,  per- 
haps, immersed  in  gritty  water  and 
grind  in  their  seats,  and  the  rigging 
used  to  move  them  is  very  massive,  so 
as  to  be  able  to  stand  the  strain.  The 
water-wheel  governor  evidently  has 
more  of  a  problem  to  contend  with 
than  had  the  engine  governor. 
Something  must  be  done  for  the  speed 
is  falling  rapidly.  The  governor  takes 
hold  of  the  gates,  and  with  a  mighty 
effort  (perhaps  15  to  20  horse-power 
for  a  second  or  two),  moves  them  rap- 
idly to  the  correct  position  for  the  in- 
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creased  load.  But  the  trouble  is  not 
yet  at  an  end.  The  more  widely  open 
gates  demand  more  water;  it  must  ap- 
proach the  water-wheel  faster,  but  un- 
like the  steam,  which  shot  through  the 
pipes  and  ports  with  lightning  speed 
to  do  its  work,  the  water  increases  its 
flow  deliberately,  forced  onward  by 
the  influence  of  gravity  alone. 

If  the  water-wheel  is  set  in  an  open 
flume  of  ample  dimensions  the  water 
will  gain  the  proper  velocity  into  the 
wheel  approximately  in  accordance 
with  the  well  -  known  laws  for 
spouting  velocity.  If,  however, 
the  water  -  wheel  is  in  a  closed 
iron  case  at  the  end  of  a  long 
and  more  or  less  horizontal  feed 
pipe,  the  action  will  be  much  slower, 
for  it  is  evident  that  if,  for  example, 
the  amount  of  water  entering  the 
wheel  is  to  be  doubled,  the  velocity  of 
the  water  in  the  feed  pipe  must  be 
doubled,  and  if  the  feed  pipe  is  more 
or  less  horizontal,  the  force  of  gravity 
does  not  act  on  the  enclosed  water  to 
good  advantage,  and  hence  it  will  gain 
its  new  working  velocity  very  slowly.* 

In  any  event,  the  governor  will 
move  the  gates  to  the  correct  position 
for  new  load  before  the  water  gets  up 
sufficient  velocity  to  do  the  increased 
work,  and  the  tendency  will  be  for  the 
governor  to  keep  on  opening  the  gates 
until  the  output  of  work  on  the  part 
of  the  water-wheel  equals  the  load 
upon  it.  The  position  in  which  the 
gates  would  be  left  would  be  by  far 
too  wide  open  for  the  final  water  ve- 
locity, and  the  speed  would,  conse- 
quently run  much  too  high.  The  gov- 
ernor would  then  try  to  rectify  the  dif- 
ficulty by  partly  closing  the  gates;  but 
then  a  new  difficulty  would  develop — 
as  will  be  described  more  in  detail 
later  on — and  the  gates  would  be 
closed  too  far.  The  practical  result 
would  be  that  the  governor  would 
move  the  gates  rapidly,  first  open  and 
then  shut,  in  a  futile  attempt  to  stop 
them  at  the  right  place,  until  finally  a 
balance  of  forces  would  be  arrived  at 
and  the  governor  and  gates  would 
come  to  a  rest.  The  writer  has  seen 
a  water-wheel  governor  make  forty- 
seven  unsuccessful  attempts  to  stop 
the  gates  at  the  right  place  before  it 
finally  hit  it  just  right. 

Now  let  us  suppose  that  the  speed  of 
the  water-wheel  has  finally  become 
constant  under  the  increased  load  and 
we  then  suddenly  lift  off  a  part  of  the 
weight  on  the  brake.  The  governor 
will  soon  (in  a  small  fraction  of  a  sec- 
ond) feel  the  slightly  increasing  speed 
and  will  begin  to  close  the  water-wheel 
gates.  It  will  now  experience  another 
difficulty    different    from    that    found 

*  A    mathematical  treatment    of   this    subject   by 

the  author  is  given  in  Vol.   XVI.  Transactions  of 

American   Institute  of   Electrical    Engineers,   page 
361. 


when  the  load  was  suddenly  increased. 
The  gates  are  closed  by  the  governor 
for  the  purpose  of  decreasing  the 
quantity  of  water  which  will  pass 
through  them  in  unit  time.  The  water 
is  approaching  the  water  -  wheel 
through  a  more  or  less  contracted 
channel,  perhaps  through  a  closed 
pipe  of  considerable  length.  It  is  im- 
possible to  slow  up  this  moving  water 
column  without  doing  work  upon  it. 
If  the  channel  is  open,  this  expendi- 
ture of  energy  will  pile  up  the  water 
over  the  wheel  slightly — that  is, 
slightly  increase  the  head;  if  the  chan- 
nel is  closed,  the  expenditure  of  en- 
ergy will  increase  the  water  pressure 
at  the  water-wheel  more  or  less,  which 
is  the  hydraulic  equivalent  of  increas- 
ing the  head.  This  pressure  in  the 
closed  pipe  will  be  directly  as  the 
length  of  the  pipe  and  the  velocity  of 
the  water  in  it,  and  inversely  as  the 
time  in  which  it  is  slowed  down  to  its 
new  constant  velocity.  If  the  above 
quantities  are  expressed  in  feet,  feet 
per  second  and  seconds,  and  their  al- 
gebraic sum  is  multiplied  by  0.01324, 
we  shall  have  approximately  the  aver- 
age pressure  in  pounds  per  square 
inch  which  will  be  developed  at  the 
water-wheel.  In  any  event,  as  the 
governor  closes  the  gates  the  water 
pressure  on  them  increases  and  more 
water  will  pass  through  into  the 
water-wheel,  making  it  turn  faster 
than  it  should.  The  practical  result 
will  be  that  the  governor  will  want  to 
keep  on  closing  the  gates  further  than 
it  should.  But  after  a  time  the  energy 
of  motion  in  the  water  column  will  be 
expended,  and  then  the  water  will  be 
found  at  its  old  working  pressure  and 
the  gates  will  not  be  open  wide 
enough.  The  governor  will  then  want 
to  open  the  gates  on  account  of  the 
speed  falling,  and  will  shoot  back  and 
forth  a  number  of  times  before  it  stops 
the  gate  at  the  correct  position,  and 
the  normal  speed  of  the  water-wheel 
will  be  greatly  disturbed. 

With  high  heads  and  nearly  vertical 
feed  pipes  the  speed  will  be  less  dis- 
turbed when  the  load  suddenly  in- 
creases than  when  it  suddenly  de- 
creases, and  in  either  case  it  will  be 
less  disturbed  than  when  the  head  is 
low  and  the  feed  pipe  more  or  less 
long  and  horizontal.  In  the  latter 
case  the  speed  will  be  less  disturbed 
when  load  is  suddenly  decreased  than 
when  it  is  suddeny  increased,  but  in 
either  event  will  be  more  disturbed 
than  with  high  head  and  nearly  verti- 
cal feed  pipe. 

Some  readers  who  are  close  observ- 
ers will  be  inclined  to  say  that  the 
above  brief  description  of  the  behavior 
of  a  water-wheel  under  variable  load 
does  not  describe  some  of  the  phe- 
nomena exactly,  and  omits  all  mention 


of  some  of  the  things  which  take 
place.  But  an  absolutely  accurate  de- 
scription of  even  the  phenomena 
which  have  been  alluded  to  would  ex- 
tend this  article  far  beyond  permissi- 
ble limits,  and  a  complete  treatment 
could  be  attempted  only  in  mathemat- 
ical form,  which  would  be  alike  tedi- 
ous and  unnecessary  for  the  purpose 
of  emphasizing  the  important  things 
to  be  considered  in  laying  out  a  plant 
so  as  to  obtain  the  best  attainable 
speed  regulation. 

Enough  has  been  said,  however,  to 
point  to  three  things  which  should 
have  consideration.  First,  the  general 
design  of  plant.  Second,  the  design 
of  water-wheel  gates  and  connections 
between  them  and  the  motive  part  of 
the  governor.  Third,  the  design  of 
the  water-wheel  governor  itself. 

GENERAL  DESIGN   OF   PLANT 

Experience  has  shown  that  unques- 
tionably the  easiest  plants  to  govern 
are  those  in  which  the  turbines  are  set 
in  open  flumes  leading  directly  from 
open  forebays.  The  areas  of  both  the 
flumes  and  forebays  should  be  of  am- 
ple proportions,  so  that  the  largest 
and  most  sudden  variations  of  load 
will  cause  little  change  in  level  of 
water  over  the  turbines.  It  is  equally 
important  that  tail  races  be  of  ample 
proportions,  so  that  the  level  of  tail 
water  be  maintained  very  nearly  con- 
stant. Sudden  variations  in  either 
head  water  or  tail  water  level  are  sure 
to  cause  difficulties  in  obtaining  speed 
regulation.  Water  flowing  at  a  varia- 
ble rate  in  open  channels  often  be- 
haves in  the  most  astonishing  and  an- 
noying fashion,  baffling  all  attempts 
at  calculation,  and  crooked  or  badly 
designed  entrances  and  passages, 
either  in  head  water  or  tail  water,  fre- 
quently set  up  periodic  wave  motions 
which  cause  no  end  of  trouble.  All 
wetted  surfaces  should  have  easy, 
graceful  curves,  and  care  taken  in  this 
particular  will  well  repay  the  trouble 
in  good  results  obtained. 

Where  the  head  is  comparatively 
low,  practice  has  shown  that  there  is 
but  little  choice,  so  far  as  speed  regu- 
lation is  concerned,  between  wheels 
set  vertically  and  those  set  horizontal- 
ly. Heads  below  15  feet  usually  re- 
quire vertical  setting.  Considerations 
not  germane  to  this  article  point  to  the 
horizontal  setting  of  wheels  in  open 
flumes  where  the  natural  conforma- 
tion of  the  water  power  permits. 
Many  plants  with  horizontally  set 
wheels  in  open  flumes  have  been  built 
in  which  the  design  is  almost  perfect. 
It  would  be  tedious  to  enumerate  a 
great  number  of  them,  but  it  may  be 
useful  to  point  to  the  plat  of  the  St. 
Anthony  Falls  Water  Power  Com- 
pany, of  Minneapolis,  Minn.,  U.  S.  A., 
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and  that  of  the  Hudson  River  Power 
Transmission  Company,  at  Mechan- 
icsville,  N.  Y.,  as  models  of  design  for 
this  class  of  plant  from  the  standpoint 
of  regulation.  Many  large  plants  are 
now  being  built  which  are  designed  on 
these  same  general  lines,  and  in  such 
plants  it  is  always  safe  to  predict  that 
great  accuracy  of  regulation  will  be 
obtained  if  the  machinery  is  well 
adapted  to  the  requirements. 

Typical  settings  of  vertical  turbines 
may  be  found  in  such  plants  as  that  of 
the  Lachine  Rapids  Hydraulic  and 
Land  Company,  of  Montreal,  or  that 
of  the  Fries  Manufacturing  Company, 
of  Winston,  N.  C.  Several  very  large 
plants  are  now  being  constructed  on 
the  general  lines  of  the  two  last  named 
plants,  and  it  is  perfectly  safe  to  pre- 
dict that  the  speed  regulation  will  be 
of  a  high  order.  All  four  of  the  above 
named  plants  have  been  recently  elab- 
orately described  and  illustrated  in  va- 
rious technical  journals,  and  hence  it 
seems  unnecessary  to  burden  these 
columns  with  drawings  of  them,  as 
they  are  available  to  all  readers. 

Before  leaving  this  portion  of  the 
subject  it  may  be  permissible  to  say 
that  an  examination  of  a  great  many 
water  powers  has  led  the  writer  to 
wonder  why  so  many  of  them  have 
been  developed  in  such  a  manner  as  to 
necessitate  the  use  of  long  feed  pipes, 
with  all  their  attendant  evils,  when  a 
little  more  care  in  the  preliminary  de- 
sign would  have  resulted,  at  no 
greater  expense,  in  water-wheels  set 
in  practically  open  water. 

The  above  referred  to  element  of  de- 
sign has  undoubtedly  been  less  con- 
sidered than  any  other  of  equal  im- 
portance. The  facts  that  you  cannot 
change  the  velocity  of  a  column  of 
moving  water  without  changing  the 
amount  of  kinetic  energy  which  it 
contains,  and  that  the  force  of  gravity 
acting  on  water  works  to  its  best  ad- 
vantage only  vertically,  should  never 
be  lost  sight  of.  The  fact  that  fluid 
pressure  is  the  same  in  all  directions 
is  apt  to  blind  one  to  the  importance 
of  the  latter  statement. 

But  it  is  not  necessary  that  the  tur- 
bines should  be  set  in  open  water, 
though  that  is  the  best  arrangement. 
As  a  general  statement — and  this 
must  be  taken  as  a  very  general  state- 
ment—  it  may  be  said  that  if  the  hy- 
draulic slope  from  open  head  water  to 
open  tail  water  is  30  degrees  or  over, 
very  satisfactory  speed  regulation  may 
usually  be  obtained  by  a  careful  selec- 
tion of  water-wheels  and  governors, 
even  with  the  largest  and  most  sudden 
load  variations.  No  safe  and  general 
rules  for  a  plant  of  this  kind  can  be 
laid  down.  Each  individual  case  must 
receive  a  careful  examination.  The 
dynamic  and   kinetic  quantities  must 


be  carefully  calculated  and  compared 
with  examples  of  successful  practice. 
The  majority  of  water-power  plants 
belong  to  this  class,  and  it  is  unfor- 
tunate that  the  art  is  not  yet  sufficient- 
ly advanced  to  reduce  the  subject  to 
the  exactness  which  would  permit  of 
its  formularisation  for  general  use. 

A  number  of  mathematical  theories 
have  been  advanced  from  time  to  time 
with  so  much  confidence  as  to  lead  a 
reader  to  suppose  that  they  had  been 
demonstrated.  The  writer  has  not  been 
able  to  apply  any  of  them  successfully 


the  kinetic  energy  in  the  enclosed 
water  column  and  the  dynamatic  en- 
ehgy  developed  by  the  water  passing 
through  the  turbines.  But  a  compari- 
son of  carefully  tabulated  results 
would  show  clearly  that  the  greater 
the  hydraulic  angle,  and  the  smaller 
the  kinetic  energy  in  the  enclosed 
water  are,  in  proportion  to  its  dynamic 
output,  the  more  accurate  the  speed 
regulation  is  under  similar  load  condi- 
tions. The  plants  of  the  Kalamazoo 
Valley  Electric  Company,  at  Allegan, 
Mich.;    of    the    Concord    Land    and 


FIG.    I. A    STANDPIPE    AT    A    WATER-POWER    STATION,    SHOWING    WATER 

SPILLING   OVER    THE    TOP    WHEN    THE   LOAD    AND   THE    WHEEL    GATE    OPENING 
ARE  SUDDENLY  DECREASED 


to  actual  practice.  It  is  found  in  prac- 
tical hydraulics  that  one  carefully  car- 
ried out  experiment  is  worth  more 
than  many  mathematical  deductions 
based  on  pure  theory.  The  difficulty 
is  to  get  together  all  the  factors  in  the 
equation,  some  of  them  being  pretty 
sure  to  be  overlooked. 

A  long  list  of  plants  of  this  class 
could  be  written,  in  which  the  most 
satisfactory  speed  regulation  has  been 
obtained  under  very  severe  load  con- 
ditions. A  study  of  the  design  of 
these  plants  reveals  the  fact  that  there 
is  a  wide  range  in  the  angles  of  hy- 
draulic slope  and  in  the  ratio  between 


Water  Power  Company,  at  Sewall 
Falls,  N.  H.;  the  United  Electric 
Light  Company  of  Springfield,  at  In- 
dian Orchard,  Mass.;  the  United  Gas 
and  Electric  Company,  at  Berwick, 
Me.;  the  Toledo  and  Maumee  Valley 
Electric  Company,  and  the  Niagara 
Falls  Hydraulic  Power  and  Manufac- 
turing Company  may  be  regarded  as 
typical  of  this  class.  Each  one  of 
these  plants  is  sufficiently  different 
from  all  the  rest  to  be  regarded  as 
typical  of  a  sub-class  of  its  own, 
though  they  all  come  under  the  gen- 
eral class  now  being  considered.  In 
all  of  them  the  degree  of  speed  regu- 
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lation  which  has  been  obtained  is  emi- 
nently satisfactory. 

But  there  is  still  another  class  of 
plants  which  is  the  most  difficult  of  all, 
and  the  resources  of  the  engineer  are 
taxed  to  the  utmost  to  produce  satis- 
factory regulation  in  them,  though 
such  efforts  are  frequently  crowned 
with  success.  This  class  of  plants 
consists  of  those  where  the  water- 
wheels  are  situated  hundreds  or  thou- 
sands of  feet  from  open  water,  and 
where  the  water  is  brought  to  the 
water-wheels  in  practically  horizontal 
pipes.  If  in  such  plants  a  large  por- 
tion of  the  head  be  developed  in 
draught  tubes  below  the  water- 
wheels,  the  case  becomes  serious  in- 
deed. Frequently,  as  was  referred  to 
earlier  in  this  paper,  developments  of 
this  kind  are  entirely  unnecessary,  and 
an  inspection  of  the  lay  of  the  ground 
would  lead  one  to  the  opinion  that 
some  one  who  had  a  hand  in  making 
-the  design  had  an  interest  in  selling 
the  pipe  line.  Sometimes,  however, 
there  is  no  other  possible  development 
and  the  water  power,  if  developed  at 
all,  must  be  developed  through  long 
pipes. 

In  these  plants  the  water-wheel 
governor  alone,  no  matter  how  per- 
fect its  design  and  construction,  can- 
not produce  satisfactory  speed  regula- 
tion. Fortunately  there  are  two 
things  which  can  help  the  governor 
out.  One  is  the  standpipe;  the  other, 
the  relief  valve.  Both  of  these  must 
be  especially  designed  for  the  partic- 
ular conditions  under  which  they  are 
to  be  used.  In  some  cases  the  stand- 
pipe  is  of  the  most  use;  in  others,  the 
relief  valve.  Occasionally  both  are  re- 
quired. This  matter  may  be  best  il- 
lustrated by  referring  to  a  few  specific 
cases,  which  will  be  selected  as  illus- 
trating widely  different,  yet  typical, 
natural  conditions. 

Suppose  it  is  found  necessary  to 
bring  the  water  either  in  a  long,  hori- 
zontal pipe,  with  its  upper  end  practi- 
cally at  open  water  level,  or  in  a  con- 
tracted open  channel  to  the  water- 
wheel  located  at  a  considerable  dis- 
tance from  the  dam.  In  this  case  the 
standpipe,  in  the  ordinary  acceptance 
of  the  term,  is  of  no  use.  Starting 
with  a  small  standpipe,  gradually  in- 
creasing its  area,  would  show  by  ex- 
periment that  the  larger  you  make  it 
up  to  a  certain  point,  the  better  would 
be  the  regulation.  It  would  finally 
become  a  large  open  tank  in  which  the 
water-wheel  would  be  preferably  set, 
or  if  that  were  not  feasible,  the  tank 
would  be  placed  at  the  water-wheel 
end  of  the  flume  and  connected  to  the 
wheel  case  by  a  very  short  pipe  of  am- 
ple area. 

There  has  been  sufficient  practice 
with  this  sort  of  plant  to  permit  of  the 


requisite  dimensions  of  the  open  tank 
being  predetermined  with  accuracy. 
Such  a  plant  as  has  been  described 
above  is  that  of  the  Driggs-Seabury 
Gun  and  Ammunition  Company,  of 
Derby,  Conn.,  U.  S.  A.  This  plant,  as 
originally  designed,  was  ungoverna- 
ble, as  was  pointed  out  by  the  writer 
before  it  was  built.  Subsequently 
placing  an  open  tank  of  suitable  pro- 
portions directly  behind  the  wheel 
case  made  it  possible  to  obtain  very 
accurate  speed  regulation  under  very 
sudden  and  large  load  variations. 

Now  suppose  a  case  much  similar 
to  the  last  above  named,  but  in  which 
the  natural  conditions  necessitate  set- 
ting the  water-wheels  up  nearly  to 
open  water  level,  a  large  proportion 
of  the  head  being  developed  in  long 
draught  tubes  beneath  the  water- 
wheels.  If  these  water-wheels  were 
set  in  an  open  tank,  as  in  the  previous 
case,  the  water  would  be  very  shallow 
over  them.  If  also  the  natural  condi- 
tions or  the  design  of  building  pro- 
hibited the  use  of  a  tank  of  sufficiently 
large  area,  it  would  be  found  that 
upon  the  governor  suddenly  opening 
the  gates  to  take  care  of  a  sudden  load, 
the  water  would  be  sucked  down 
through  the  draught  tubes,  lowering 
the  water  level  over  the  wheels  suffi- 
ciently to  admit  air  into  them.  This 
would  immediately  pass  into  the 
draught  tubes,  breaking  the  water  seal 
in  them  and  emptying  them  of  water, 
and  the  speed  of  the  water-wheels 
would  fall  greatly  below  normal  until 
the  water  in  the  long,  closed,  horizon- 
tal feed  pipe  accelerated  sufficiently 
under  the  influence  of  gravity  to  again 
fill  the  turubines  and  draught  tubes 
and  drive  out  the  air. 

In  this  case  we  should  have  re- 
course to  a  different  device.  The  tur- 
bines would  be  placed  in  a  closed  iron 
flume,  connected  directly  to  the  end 
of  the  long  feed  pipe.  No  standpipe 
nor  open  tank  would  be  used,  but  on 
top  of  the  feed  pipe  directly  behind 
the  water-wheel  case,  would  be  placed 
a  very  large  flapper  valve,  so  arranged 
that  it  could  open  outward,  but  not  in- 
ward. Upon  load,  and  consequently 
the  water-wheel  gate  orifice,  being 
suddenly  decreased,  the  flapper  valve 
would  open  like  an  old-fashioned  sky- 
light on  hinges,  and  the  water,  which 
otherwise  would  increase  pressure  on 
the  water-wheels,  would  escape.  Upon 
load,  and  consequently  water-wheel 
gate  orifice,  suddenly  increasing,  the 
pull  or  the  draught  tubes  would  shut 
the  flapper  valve  down  water-tight  on 
its  seat,  so  that  no  air  could  enter,  and 
the  entire  pull  of  the  draught  tube 
would  become  effective  in  accelerating 
the  water  velocity  in  the  long,  hori- 
zontal feed  pipe,  which  consequently 
would  acquire  its  increased  working 


velocity  in  a  small  fraction  of  the  time 
otherwise  required.  Experience  has 
taught  the  proper  area  and  design  of 
the  flapper  valve.  A  plant  such  as 
that  just  described  is  that  of  the 
United  Gas  and  Electric  Company,  of 
Dover,  N.  H.,  at  South  Berwick,  Me., 
in  which  a  satisfactory  speed  regula- 
tion is  obtained  in  spite  of  the  very 
unfavorable  conditions  encountered. 
Now  suppose  a  case  in  which  the 
pipe  line  is  very  long  and  the  head 
quite  high.  In  such  a  case  it  is,  of 
course,  impossible  to  use  the  devices 
heretofore  named,  and  a  properly  de- 
signed standpipe  will  here  aid  a  good 
water-wheel  governor  in  producing 
good  speed  regulation.  The  cross 
section  of  the  standpipe  is  obtained 
by  taking  into  consideration  the 
length  of  time  necessary  for  the  force 
of  gravity  to  increase  the  velocity  of 
the  water  in  the  flume  from  its  mini- 
mum to  its  maximum  working  value, 
and  then  making  the  cross  section  of 
the  standpipe  such  that  during  that 
interval  of  time  the  water  level  in  the 
standpipe  will  not  fall  sufficiently  to 
lower  the  effective  head  on  the  water- 
wheels  below  the  point  which  can  be 
taken  care  of  by  the  governor  without 
lowering  the  rotative  speed  of  the 
water-wheel  below  the  permissible 
limits. 

The  height  of  the  standpipe  should 
be  but  little  greater  than  the  hydros- 
tatic head — that  is,  when  the  water- 
wheels  are  at  a  rest  and  the  water  is 
not  moving  in  the  flume,  the  level  of 
the  water  in  the  standpipe  should  be 
very  near  its  top.  This  will,  of  course, 
result  in  water  spilling  over  the  top 
of  the  standpipe  whenever  load,  and 
consequently  gate  orifice,  is  suddenly 
decreased.  This  spilling  of  water, 
though  inconvenient,  is  necessary;  for 
if  the  standpipe  is  made  sufficiently 
high  to  prevent  the  water  spilling  over 
the  top,  it  is  evident,  that,  at  times,  the 
pressure  on  the  water-wheels  will  be 
at  least  that  due  to  the  artificial  head 
which  resvdts  when  the  water  is  forced 
up  into  the  standpipe. 

A  plant  such  as  here  described  is 
that  of  the  Albany  &  Hudson  Railway 
and  Power  Company,  at  Stuyvesant 
Falls,  N.  Y.  Fig.  i,  on  the  preceding 
page,  shows  a  standpipe  in  the  above 
plant.  The  photograph  was  taken  a 
moment  after  a  large  load  had  been 
instantly  removed.  The  energy 
which  is  being  gradually  expended 
for  several  seconds  in  lifting  the  water 
out  of  the  top  of  the  standpipe  would 
otherwise  have  been  expended  in  a 
much  shorter  time  on  the  water  enter- 
ing the  water-wheels,  and  in  the  latter 
case  would  have  resulted  in  an  in- 
crease of  speed  beyond  the  power  of 
the  governor  to  control ;  whereas, 
with  the  standpipe  as  shown,  the  gov- 
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ernor  is  able  to  hold  the  speed  within 
permissible  limits. 

It  was  stated  above  that  the  spill- 
ing- of  water  out  of  the  top  of  the 
standpipe  was  necessary.  There  is 
one  very  effective  way  of  preventing 
it.  A  relief  valve  having  a  venting 
area  equal  to  that  of  the  water-wheels 
may  be  placed  at  the  base  of  the  stand- 
pipe.  It  is  hydraulically  balanced,  so 
that  it  will  open  under  a  very  small  in- 
crease of  pressure,  say  1  pound  per 
square  inch  more  than  the  static  pres- 
sure of  the  standpipe.  When  the 
water-wheel  gates  are  suddenly  closed 
the  relief  valve  will  open  and  permit 
the  escape  of  water  which  would 
otherwise  be  spilled  out  of  the  top  of 
the  standpipe.  When  the  water-wheel 
gates  are  suddenly  opened  the  bal- 
anced relief  valve  does  not  come  into 
operation  at  all,  and  the  water  column 
in  the  standpipe  gets  in  its  work  on 
the  water-wheels,  while  the  nearly 
hoiizontal  water  column  in  the  feed 
pipe  is  getting  up  to  its  new  working 
velocity. 

Many  engineers  who  have  experi- 
mented with  relief  valves  condemn 
them  for  the  very  practical  reason 
found  in  their  experience  that  they 
wall  neither  open  nor  close  when  they 
should.  This,  however,  is  due  to  the 
faulty  design  of  the  valve.  Recent 
practice  has  shown  conclusively  that 
relief  valves  may  be  balanced  so  ac- 
curately as  to  be  perfectly  water-tight 
when  not  in  action,  and  yet  will  open 
wide  upon  flume  pressure  rising  to 
a  fraction  of  I  pound  per  square  inch 
above  normal.  Several  relief  valves 
in  practical  operation  are  of  such  large 
size  that  they  have  a  venting  orifice 
of  415  square  inches,  and  in  operation 
vent  148  cubic  feet  of  water  per  second 
when  they  are  wide  open.  The  proper 
design  of  relief  valves  is  a  large  sub- 
ject, and  the  limitations  of  this  article 
will  not  permit  of  its  elaboration.  The 
obvious  advantage  of  venting  the 
water  through  the  relief  valve  rather 
than  out  of  the  top  of  the  standpipe 
is  in  the  case  of  disposing  of  the  dis- 
charge water  and  the  non-accumula- 
tion of  ice  in  winter. 

In  some  cases  it  is  found  that  the 
ratio  between  the  rate  of  acceleration 
of  water  in  the  feed  pipe  and  the  pos- 
sible demand  of  water  by  the  water- 
wheels  is  such  that  the  governor  can 
take  care  of  loads  going  on  suddenly, 
but  that  the  kinetic  energy  in  the 
water  in  the  feed  pipe  will  raise  the 
flume  pressure  beyond  the  safety 
limit  upon  the  gates  being  closed  sud- 
denly and  the  ratio  between  the 
kinetic  energy  in  the  water  in  the  feed 
pipe  and  the  dynamic  energy  devel- 
oped in  the  water-wheels  is  beyond 
the  ability  of  the  governor  to  control 
the  speed..     In  sucji   cases  the  stand- 


pipe  may  be  dispensed  with  and  the 
relief  valve  alone  may  be  used.  The 
plant  of  the  Great  Northern  Paper 
Company,  at  Millinocket,  Ale.,  is  ar- 
ranged in  this  way. 

In  this  plant  there  is  a  feeder  1  100 
feet  long  and  t  1  feet  in  diameter.  At 
the  lower  end  of  it  there  are  three 
pairs  of  horizontal  turbines  driving 
electric  generators  and  also  two  small 
turbines  driving  exciters.  Each  of  the 
generator  units  is  provided  with  a  suit- 
able governor,  and  at  the  extreme  end 
of  the  flume  there  is  an  hydraulically 
balanced  relief  valve  having  a  circular 
discharge  orifice  23  inches  in  diam- 
eter. Ihis  valve  is  so  delicately  bal- 
anced that  the  increase  of  flume  pres- 
sure, due  to  suddenly  closing  part  way 
the  gate  of  one  of  the  little  exciter  tur- 
bines, will  cause  it  to  open  for  a  mo- 
ment and  vent  a  little  water.    Its  max- 


one  described  above  and  four  others 
10  feet  in  diameter,  which  at  this  time 
are  being  equipped  in  a  manner  simi- 
lar to  that  of  the  first.  Properly 
speaking,  there  is  no  natural  water 
power  in  the  ordinary  use  of  that  term 
at  this  plant,  and  an  inspection  of  the 
country  prior  to  its  construction 
would  not  have  revealed  to  the  tin- 
practiced  eye  any  evidence  to  the 
effect  that  water  power  could  be  de- 
veloped at  that  point.  A  few  years 
ago  no  one  would  have  dreamed  of 
constructing  a  water  power  plant  un- 
der such  apparently  unfavorable  con- 
ditions. Its  construction  even  now  re- 
quired a  large  amount  of  courage  on 
the  part  of  those  furnishing  the  capi- 
tal, and  engineering  of  a  high  order  on 
the  part  of  those  who  planned  the  con- 
struction. The  ability  to  control  and 
regulate  so  large  a  weight  of  water 


FIG.    2. — A   DIFFICULT    PROBLEM    IN    GOVERNING 


imum  venting  capacity  is  sufficient  to 
take  care  of  the  largest  load  variations 
which  can  possibly  occur  without  let- 
ting the  flume  pressure  rise  more  than 
a  few  pounds  above  normal.  When 
we  realize  that  the  water  column  in 
this  flume  weighs  6,520,800  pounds, 
and  that  when  at  working  speed  it 
contains  2,226,000  foot  pounds  of  mo- 
mentum energy,  or  41 19  horse-power 
seconds,  which  must  be  expended 
somewhere  before  the  water  column 
may  be  stopped,  it  will  be  seen  that 
the  relief  valve  is  not  an  unimportant 
part  of  the  plant,  and  that  its  failure 
for  one  second  to  do  its  duty  would  re- 
sult in  bursting  the  flume. 

The  above  named  plant  is  also  very 
interesting  as  an  illustration  of  a  water 
power  which  could  be  developed  in  no 
other  way  than  by  the  use  of  very 
long,  closed,  steel  flumes.  There  are 
five  of  these  leading  to  the  plant — the 


under  so  high  a  head  and  possessing 
so  large  an  amount  of  kinetic  energy 
in  proportion  to  the  dynamic  energy 
it  develops,  is  a  practical  object  les- 
son which  will  undoubtedly  bear  fruit 
in  the  development  and  use  of  many 
water  powers  which  are  not  now  sup- 
posed to  exist.  In  this  plant  the  speed 
regulation  is  of  so  high  an  order  that 
it  is  no  exaggeration  to  say  that  there 
is  no  industry  requiring  power,  no 
matter  how  large  and  sudden  the  load 
variations  might  be,  which  could  not 
be  successfully  carried  on  in  a  plant  of 
similar  design. 

Occasionally  a  water  power  of  this 
general  class  is  found  in  which  the 
conditions  are  so  unfavorable  as  to 
almost  baffle  the  most  carefully  exe- 
cuted attempts  to  produce  very  fine 
speed  regulation  under  large  and  sud- 


den   load    changfes.     Figf. 


on   this 


*&■    2, 
page,  shows  one  of  the  most  difficult 
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plants  to  govern  in  the  United  States. 
The  closed  flume  has  several  bends 
in  it  as  it  goes  up  the  hill,  at  the  crest 
of  which  is  a  standpipe.  From  this 
point  the  closed  flume  is  comparative- 
ly level   up  to  open  water,  which  is 


FIG.     3. A     CYLINDER    GATE    WITH     FINGERS 

REACHING    BETWEEN    THE    GUIDES 

1500  feet  away  and  146  feet  above  the 
power  house.  The  use  of  first-class 
governors,  especially  designed  for  the 
purpose,  has  made  this  plant  capable 
of  regulation  under  small  load  varia- 
tions, but  under  very  large  and  sudden 
load  variations  the  speed  cannot  be 
kept  within  permissible  limits  at  pres- 
ent. Much  experimenting  with  relief 
valves  has  been  done  in  this  plant,  but 
up  to  the  present  writing  with  only 
partially  satisfactory  results.  It  is  be- 
lieved, however,  that  sufficient  data 
have  been  obtained  to  solve  even  this 
difficult  problem,  and  that  some 
changes  which  will  be  made  when 
warm  weather  permits  will  render  it 
possible  to  throw  off  and  on  large 
loads  instantly  without  materially  dis- 
turbing the  speed. 

From  the  wide  range  of  plants 
which  have  been  referred  to  it  will  ap- 
pear that  there  is  almost  no  natural 
condition  under  which  water  powers 
are  found  which  cannot  be  developed 
so  as  to  produce  an  operative  plant. 
The  broad  lesson  to  be  learned  is,  that 
the  nearer  we  can  approach  to  having 
our  mechanical  unit  consist  of  a  water- 
wheel  or  wheels  placed  in  an  open 
flume  of  ample  proportions,  the  better 
will  be  the  speed  regulation,  all  other 
things  being  equal;  and  the  further  we 
go  away  from  this  simple  design  the 
more  difficult  becomes  the  problem, 
the    more  complex    becomes  the  de- 


vices necessary  to  obtain  satisfactory 
speed  regulation,  and  consequently 
the  greater  will  be  the  expense. 

DESIGN  OF  WATER-WHEEL  GATES 

A  book  of  fair  size  might  easily  be 
written  on  this  subject,  and  it  is  diffi- 
cult to  treat  it  briefly.  The  two  things 
important  above  all  others  are — first, 
make  the  gates  work  easily;  and,  sec- 
ond, connect  them  in  the  simplest  pos- 
sible manner  to  the  actuating  part  of 
the  governor.  So  far  as  obtaining 
good  speed  regulation  is  concerned, 
experience  has  shown  that  equally 
good  results  may  be  obtained  with 
either  wicket,  cylinder  or  register 
gates.  The  last  named  gate  is  so 
rarely  used  at  present  that  it  will  not 
here  be  considered. 

Wicket  gates  of  many  designs  have 
been  used,  and  practice  has  shown 
that  it  is  hopeless  to  attempt  to  obtain 
good  speed  regulation  if  the  wickets 
are  pivoted  at  one  end,  so  that,  as  they 
open  and  close,  they  move  like  a  door 
upon  its  hinges.  These  gates  cannot 
be  water-balanced.  They  sustain  full 
flume  pressure  upon  their  outer  sur- 
faces, and  when  it  is  necessary  for  the 
governor  to  open  them  in  perhaps  a 
second  or  two,  something  is  sure  to 
break.  If  they  were  constructed 
heavy  enough  to  stand  the  strain,  the 
connections  and  the  governors  also 
would  have  to  be  of  such  ponderous 
proportions  as  to  carry  the  cost  far 
above  permissible  limits.  Makers  of 
such  gates  usually  provide  worm 
gears  to  open  them,  and  they  are  wise 
in  so  doing.  They  could  also  open 
them  with  a  jack-screw,  and  it  would 
be  found  to  be  about  as  useful  as  the 
worm  gear,  if  speed  regulation  is  the 
end  sought. 

It  is  impossible  for  a  governor  to 
?tart  from,  a  rest  and  twirl  a  worm 
gear  through  twenty  or  thirty  turns 
in  a  second  or  two  and 
stop  it  at  the  right  place. 
Even  if  it  did  succeed  in 
stopping  it  at  an  approxi- 
mately correct  position, 
the  momentum  in  the 
rapidly  moving  parts, 
when  suddenly  brought 
to  rest,  would  break 
something.  If  a  water- 
wheel  gate  requires  a 
worm  gear  or  a  train  of 
multiplying  gears  to  open 
it,  the  wisest  thing  to  do 
is  to  get  another  water-wheel.  The 
writer  knows  of  not  a  single  case 
where  good  speed  regulation  under 
variable  load  has  been  obtained  where 
such  devices  are  used.  This  statement 
may  be  disputed  by  some. 

There  are,  however,  wicket  gates 
which  are  pivoted  at  the  middle. 
These  gates,  if  properly  designed,  are 


nearly  in  water-balance  in  all  positions 
and  they  lend  themselves  most  readily 
to  the  requirements  of  good  speed 
regulation.  A  very  good  example  of 
gates  of  this  kind  may  be  pointed  out 
in  the  plant  of  the  Niagara  Falls  Hy- 
draulic Power  and  Manufacturing 
Company,  at  Niagara  Falls.  These 
gates  are  moved  by  pinions  on  their 
axes,  worked  by  an  internally  cut 
gear  which  is  rotated  by  means  of  a 
link  and  an  eccentric  placed  on  the 
shaft  leading  to  the  governor.  This 
shaft  turns  but  120  degrees  to  com- 
pletely open  the  gates.  The  gates  are 
of  a  high  order  of  design,  and  expe- 
rience with  them  has  fully  demon- 
strated their  utility.  Notwithstanding 
the  fact  that  they  are  subjected  to  the 
full  pressure  of  Niagara  Falls,  they 
move  with  surprising  ease  at  all  stages 
of  their  opening.  Gates  of  very  simi- 
lar design,  but  differently  rigged,  have 
been  successfully  used  under  very  low 
heads.  The  spectacle  of  a  wicket-gate 
turbine  working  under  5  feet  of  head 
and  driving  an  electric  railway  load  at 
a  practically  uniform  speed,  is  almost 
as  inspiring  a  sight  as  that  of  a  similar 
turbine  driving  a  similar  load  under 
the  full  head  of  Niagara  Falls. 

Cylinder  gates,  if  of  proper  design, 
are  very  well  adapted  to  obtaining 
good  speed  regulation.  The  one  thing 
necessary  is  that  they  be  plain  cylin- 
ders. Of  late  years  some  manufactur- 
ers have  placed  upon  their  cylinder 
gates  fingers  or  lips  reaching  out  be- 
tween the  guides,  and  by  so  doing 
have  rendered  their  water-wheels  very 
nearly  ungovernable.  A  cylinder  gate 
so  built  has  the  general  shape  of  a  top 
hat  with  notches  cut  out  of  the  brim. 
Fig.  3  shows  such  a  gate  in  position 
inside  of  the  guides;  the  arrow  points 
to  one  of  the  fingers,  which  in  various 
makes  of  turbines  are  of  different 
forms.  Fig.  4  shows  fingers  recently 


FIG.  4. FINGERS  CUT  FROM   CYLINDER  GATES 


cut  from  cylinder  gates.  The  one  to 
the  left  shows  its  lower  side  or  the 
surface  over  which  the  water  is  sup- 
posed to  pass  in  entering  the  turbine; 
as  a  matter  of  fact,  the  water  touches 
but  very  little  of  this  surface.  The  one 
to  the  right  shows  the  upper  surface, 
against  which  the  water  presses  in  its 
endeavor  to  enter  the  turbine.    These 
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fingers  were  taken  from  different 
makes  of  turbines,  but  in  each  case  the 
hypothenusc  of  the  triangle  is  the  line 
of  juncture  between  the  cylinder  and 
the  finger.  The  one  to  the  right 
shows  the  line  of  fracture  plainly. 
Now  let  us  examine  into  the  effect  of 
such  fingers  upon  the  question  of 
speed  regulation.  These  fingers  stand 
directly  in  the  path  of  the  water  as  it 
approaches  the  turbine,  and  conse- 
quently the  water  presses  against  them 
and  tends  to  close  the  gate  violently. 

The  finger  to  the  left  in  Fig.  4  was 
one  of  twenty-four  cut  from  a  single 
cylinder  gate.  Each  of  these  fingers 
presented  a  surface  of  9.69  square 
inches,  or  all  of  them  a  total  of  232.3 
square  inches,  in  the  path  of  the  mov- 
ing water.  It  was  found  by  experi- 
ment that  after  the  fingers  were  re- 
moved from  the  gate  4972  pounds  less 
counterbalance  was  required  to  bal- 
ance the  gate,  or  in  other  words,  the 
water  pressed  down  on  each  finger 
4972-^232.3=21.4  pounds  per  square 
inch.  Theoretically,  the  pressure 
should  have  been  equal  to  a  head  of 
twice  that  due  to  the  water  velocity. 
In  the  above  case  experiment  showed 
that  the  pressure  was  equal  to  about 
three  times  the  head  due  to  the  ve- 
locity, the  discrepancy  between  the 
theoretical  and  measured  values  being 
chiefly  due  to  the  fact  that  the  water 
did  not  approach  the  fingers  perpen- 
dicularly, and  the  dead  water  between 
the  fingers  and  the  cylinder  presented 
a  larger  area  of  pressure. 

The  practical  side  of  the  matter  may 
be  stated  as  follows: — It  was  desired 
to  operate  the  turbine  at  a  very  con- 
stant speed  under  large  and  sudden 
load  variations.  A  well-designed  pfov- 
ernor,  capable  of  developing  10,000 
foot  pounds  of  energy  in  two  seconds, 
was  attached  to  this  gate,  but  it  was 
found  impossible  to  govern  the  tur- 
bine. The  very  heavy  counterweight 
which  was  necessary  to  balance  the 
gate,  of  course,  possessed  inertia.  It 
was  found  impossible  to  start  and  stop 
it  quickly  enough.  When  the  count- 
erweight, or  part  of  it,  was  removed, 
the  strain  on  the  gate  rigging  and 
governor  was  so  great  that  gear  teeth 
were  constantly  stripping  or  shafts 
twisting  off.  Finally  the  twenty-four 
fingers  were  all  removed  from  the  gate 
by  the  gentle  persuasion  of  a  ham- 
mer and  cold  chisel.  At  once  all  diffi- 
culty in  moving  the  gate  disappeared. 
The  counterbalance,  being  no  longer 
necessary,  was  removed,  and  the  gov- 
ernor was  able  to  produce  a  very  ac- 
curate speed  regulation  under  large 
and  instantaneous  load  changes.  The 
turbine,  deprived  of  the  fingers,  has 
been,  and  is  now,  in  continuous  oper- 
ation to  the  entire  satisfaction  of  the 
owner. 


The  manufacturer  claimed  that  by 
removing  the  fingers  the  efficiency  of 
the  turbine  was  lowered;  perhaps  so, 
but  carefully  conducted  tests  before 
and  after  the  fingers  were  removed, 
showed  that  at  all  stages  of  gate,  from 
one-quarter  open  to  full  open,  just  the 
same  amount  of  power  was  developed 
with  or  without  the  fingers.  Un- 
doubtedly a  little  less  water  passed 
through  the  turbine  before  the  fingers 
were  removed  than  afterwards,  but  the 
difference  was  slight. 

If  there  is  any  one  thing  which  in- 
jures the  susceptible  feelings  of  water- 
wheel  builders  and  rubs  their  fur  the 
wrong  way  it  is  to  talk  in  actual  fig- 
ures about  the  efficiency  of  their 
wheels.  The  writer  has  considerable 
data  on  this  subject  of  the  increase  of 
efficiency  obtained  by  the  use  of  fin- 
gers on  cylinder  gates,  but  it  is  of  a 
purely  confidential  nature  and  may  not 
be  published.  The  gist  of  the  whole 
matter  is  that  the  very  small  amount 
of  efficiency  gained  by  the  use  of  fin- 
gers is  no  compensation  for  the  con- 
stant annoyance  and  expense  which 
their  use  inevitably  causes. 

It  should  be  kept  in  mind  that  what- 
ever gain  in  efficiency  is  obtained  by 
the  use  of  fingers  on  cylinder  gates 
depends  upon  the  shape  of  the  turbine. 
If  the  inlets  between  the  guides  are 
comparatively  wide  and  shallow,  the 
use  of  fingers  adds  little  or  nothing  to 
their  efficiency,  though  they  render 
the  turbine  ungovernable.  Take  for 
example,  the  turbines  in  the  Milli- 
nocket  plant  of  the  Great  Northern 
Paper  Company  previously  men- 
tioned. These  turbines  have  wide, 
shallow  inlets  and  plain  cylinder  gates 
without  fingers,  yet  they  showed  in 
the  testing  flume  an  efficiency  of  85.9 
per  cent,  at  full  gate,  and  an  average 
efficiency  of  83  per  cent  at  from  three- 
quarters  to  full  gate.  This  is  certainly 
not  a  bad  performance  and  they  gov- 
ern remarkably  well.  On  the  other 
hand,  if  the  inlets  between  the  guides 
are  narrow  and  deep,  the  use  of  fingers 
on  the  gates  is  of  some  use  at  part- 
gate.  The  purchasing  public  is  more 
to  blame  in  this  matter  than  the  water- 
wheel  builders.  The  size  of  a  turbine 
is  usually  designated  by  the  purchaser 
in  terms  of  diameter.  If,  for  example, 
one  make  of  42-inch  turbine  is  rated 
by  its  maker  as  developing  more 
horse-power  than  another  make  of 
turbine  of  the  same  diameter,  the  pur- 
chaser is  apt  to  choose  the  turbine 
which  develops  the  most  power, 
though  it  does  not  follow  that  by  so 
doing  he  is  getting  more  for  his 
money.  Also,  the  turbine  maker  is 
constantly  urged  by  the  purchaser  to 
give  a  high  rotative  speed  under  low 
head.  This  also  leads  to  a  design  of 
turbine  which  tempts  the  maker  to  use 


fingers  on  the  gates.  So  many  ques- 
tions come  into  consideration  in  the 
selection  of  a  turbine  for  any  particu- 
lar set  of  requirements  that  it  is  im- 
possible to  elaborate  the  subject 
within  the  limitations  of  this  article. 
A  better  understanding  of  the  subject 
by  the  purchasing  public,  and  a  will- 
ingness on  their  part  to  co-operate 
with  turbine  builders,  will  undoubt- 
edly, in  the  end,  do  away  entirely  with 
the  practice  of  putting  fingers  on  cyl- 
inder gates. 

Fingers  on  cylinder  gates  have  been 
treated  at  length  for  the  reason  that 
they  are  the  cause  of  more  annoyance 
and  more  poor  speed  regulation  than 
any  other  structural  detail.  It  is  grati- 
fying to  note  that  some  water-wheel 
builders  have  entirely  abandoned  the 
use  of  fingers  on  their  gates,  and  that 
others  who  have  not  quite  reached 
that  point  are  making  strong  efforts 
with  their  customers  to  induce  them 
to  have  the  fingers  left  off  their  gates. 
It  is  safe  to  say  that  at  this  time  at 
least  three-quarters  of  the  cylinder- 
gate  turbines  under  contract  or  being 
installed  in  plants  where  speed  regu- 
lation is  a  desideratum,  are  fitted  with 
plain  cylindrical  gates  without  fingers. 

DESIGN    OF   WATER-WHEEL   GATE 
CONNECTIONS 

This  subject  may  be  conveniently 
divided  into  two  parts.  First,  the  im- 
mersed connections,  or  those  which 
begin  at  the  gate  and  terminate  in  a 
shaft  or  shafts  protruding  from  the 
water;  and,  second,  those  which  begin 
where  the  former  leave  off  and  termin- 
ate at  the  governor. 

As  to  the  former,  there  are  but  two 
successful  ways  of  connecting  wicket 
gates,  one  being  that  already  de- 
scribed as  in  use  in  the  plant  of  the 
Niagara  Falls  Hydraulic  Power  and 
Manufacturing  Company.  Such  con- 
nections are  usually  of  bronze,  and,  if 
well  designed  and  built,  give  uni- 
formly good  satisfaction.  This  design 
is  more  often  employed  under  high 
heads.  A  more  usual  method  is  to 
connect  the  outer  ends  of  the  wickets 
through  links  tangentially  to  a  circu- 
lar member  which  is  rotated  around 
the  turbine  axis  by  means  of  a  lever 
terminating  in  a  gear  sector  which  en- 
gages a  pinion  on  the  shaft  protruding 
from  the  water.  This  is  a  very  com- 
mon practice,  and  where  the  parts  are 
of  fair  design  and  construction  it  gives 
very  satisfactory  results.  Scores  of 
thousands  of  horse-power  of  wicket 
gate  turbines,  rigged  in  this  manner, 
are  in  operation  and  are  giving  admir- 
able results.  Connections  of  this  kind 
necessarily  have  a  good  many  small 
moving  parts,  and  builders  in  the  past 
have  perhaps  erred  in  making  them 
too  light  for  the  requirements  of  mod- 
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ern  speed  regulation.  They  should  be 
strong  and  rigid  in  construction  and 
all  pivotal  parts  carefully  fitted.  It 
may  seem  absurd,  but  the  writer  has 
seen  within  two  years  the  radial  arms 
connecting  the  wickets  to  the  banjo 


thony  Falls  Water  Power  Company, 
previously  alluded  to,  the  racks  and 
gears  are  immersed. 

Probably  it  is  near  the  truth  to  say 
that  either  method  will  give  good  re- 
sults from  the  standpoint  of  speed  reg- 


FIG.   5- — A   GOOD    METHOD  OF   CONNECTING  THE  GATES  OF   SEVERAL  VERTICAL  TURBINES 


of  a  turbine  sold  for  use  in  an  electric 
power  plant,  connected  by  means  of 
cariage  bolts.  It  is  perhaps  unneces- 
sary to  add  that  it  did  not  take  long 
for  these  gates  to  come  to  an  untimely 
end.  It  is,  however,  gratifying  to 
note  that  some  makers  are  now  build- 
ing wicket  gate  connections  in  a  very 
thorough  and  substantial  manner. 

Cylinder  gates  as  now  built,  are  al- 
most universally  moved  by  means  of 
two  draw-bars  terminating  in  racks 
which  engage  pinions  on  a  shaft  per- 
pendicular to  the  turbine  axis.  Until 
quite  recently  these  racks  have  been 
immersed,  and  the  pinion  shafts  have 
been  connected  through  bevel  gears 
to  a  shaft  parallel  with  the  main  shaft 
and  protruding  from  the  water.  This 
method  is  open  to  the  objection  of 
having  gear  teeth  under  water,  subject 
to  corrosion  and  obstruction  by  bits  of 
wood  floating  in  the  water.  At  pres- 
ent some  builders  are  bringing  the 
draw-bars  out  of  flume  heads  through 
stuffing-boxes,  and  placing  the  racks 
and  gears  in  the  air.  The  objection  to 
this  is  the  difficulty  which  water-wheel 
builders  seem  to  experience  in  getting 
the  pitch  line  of  their  gears  on  the 
axis  of  thrust.  This  appears  to  be 
merely  a  question  of  design,  and 
will  undoubtedly  be  overcome.  The 
writer  is  inclined  to  the  opinion  that, 
all  things  considered,  the  method  last 
described  is  preferable,  though  it  must 
be  admitted  that  in  some  of  the  largest 
and  most  successfully  operated  plants, 
as,  for  example,  that  of  the   St.  An- 


imation if  care  be  exercised  in  the  de- 
sign and  finish  of  moving;  parts. 
Builders,  as  a  rule,  have  erred  in  mak- 
ing connections  of  this  kind  too  heavy. 
The  eeneral  idea  seems  to  have  been 
to  get  in  as  much  material  as  possible, 
in  the  hope  of  making  things  strong. 
This  is  an  error.  These  connections 
have  to  be  started,  stopped  and  per- 
haps reversed  in  motion  in  very  short 
spaces  of  time,  and  practice  has  shown 
that  massive  gate  connections  have 
frequently  failed  from  their  own  iner- 
tia in  places  where  they  were  later  re- 
placed by  lighter  but  better  designed 
parts,  which  gave  good  results. 

The  writer  has  found  that  cut  gears 
of  four,  or  occasionally  three,  diame- 
tral pitch  and  2^-inch  face  are  heavy 
enough  for  rigging  in  air,  and  also  for 
most  immersed  gears  if  made  of 
bronze.  Occasionally  immersed  gears 
of  three,  or  even  two,  diametral  pitch 
may  be  necessary,  but  such  cases  are 
rare.  The  above  statements  are  not 
in  accordance  with  the  usual  practice 
of  water-wheel  builders,  but  the  advis- 
ability of  using  gears  of  the  propor- 
tions above  named  has  been  demon- 
strated in  hundreds  of  cases.  Some- 
times the  form  of  the  gear  teeth  is  so 
bad  as  to  render  the  entire  rigging  in- 
capable of  prompt  and  certain  oper- 
ation. There  is,  of  course,  no  excuse 
for  this. 

The  rigging  between  that  usually 
furnished  by  the  water-wheel  builder 
and  the  governor  is  very  difficult  to 
treat  in  a  general  way  for  the  reason 
% 


that  the  location  of  the  governor  is 
usually  fixed  by  the  space  available  for 
it  and  the  location  of  surrounding 
objects. 

In  connecting  up  several  hundred 
governors  it  has  been  found  that  rare- 
ly  can  the  same  connections  be  used. 
Experience  has  been  the  only  teacher 
in  this  matter,  and  that  which  has  been 
learned  has  been  chiefly  those  struct- 
ural details  which  should  be  avoided. 
In  plants  of  low  head  where  the  elec- 
trical units  are  large,  it  is  frequently 
found  necessary  to  actuate  the  gates 
of  several  vertical  wheels  working  as 
one  mechanical  unit  by  means  of  one 
governor.  Several  ways  of  rigging 
such  wheels  have  been  tried.  The 
common  method  has  been  to  place 
two  racks  on  the  top  of  each  gate. 
These  engage  a  pair  of  pinions  on  a 
horizontal  shaft  directly  over  the  tur- 
bines and  perpendicular  to  its  axis. 
The  end  of  this  shaft  carries  a  bevel 
gear  engaging  another  on  the  bottom 
of  a  vertical  shaft.  The  tops  of  these 
four  vertical  shafts  are  then  all  con- 
nected to  one  general  shaft  placed 
horizontally  parallel  with  the  line 
shaft,  and  directly  below  the  crown 
gears.  To  this  shaft  the  governor  is 
attached. 

This  method  has  never  given  satis- 
factory results.  For  four  turbines 
thirty-two  gears  would  be  required. 
The  gear  friction  is  so  great  that  the 
whole  system  is  sluggish  and  fails  to 
respond  quickly  enough  to  permit  of 
good  speed  regulation.  But  by  far  the 
greatest  difficulty  experienced  with 
such  a  rig  is  in  the  twist  which  takes 
place  in  the  long,  horizontal  gate  shaft 
whenever  the  governor  moves.  This 
causes  the  gates  nearest  the  governor 
to  move  first  and  those  further  away 
to  come  along  with  great  deliberation. 
The  result  of  this  is  that  the  gates 
nearest  the  governor  are  invariably 
carried  too  far,  and  when  the  more  re- 
mote gates  come  up  to  correct  posi- 
tion the  average  gate  opening  is  too 
great  or  too  small,  as  the  case  may  be, 
and  the  governor  has  to  make  another 
move.  This  action  would  be  kept  up 
unceasingly.  It  was  found  by  experi- 
ment that  to  obviate  this  difficulty  the 
long,  horizontal  gate  shaft  would  have 
to  be  of  prohibitively  large  diameter. 

A  more  recent  and  better  design  is 
to  connect  the  upper  ends  of  all  the 
vertical  draw-rods  to  radial  arms  on  a 
long,  horizontal  shaft  placed  as  before, 
parallel  with  the  line  shaft  and  below 
the  crown  gears.  Opposite  to  each 
radial  arm,  connected  to  a  draw-rod, 
was  placed  another  radial  arm  carry- 
ing at  its  end  a  weight  equal  to  that  of 
the  weight  of  the  gate.  This  method 
eliminated  all  gears  except  one  rack 
and  gear  connecting  the  general  gate 
shaft  to  the  governor.    The  only  diffi- 
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culty  with  this  design  was  that  it  was 
still  subject  to  the  twist  in  the  long- 
shaft.  However,  turbines  may  be  suc- 
cessfully governed  in  this  way.  In 
one  plant  sixty  turbines,  in  ten  units 
of  six  each,  each  unit  having  one  gov- 
ernor, are  in  successful  operation,  the 
speed  regulation  being  very  satisfac- 
tory. 

But  the  most  successful  method  of 
connecting  up  such  gates  is  shown  in 
Fig.  5.  It  will  be  noticed  that  each 
pair  of  draw-rods  is  connected  to  a 
pair  of  walking  beams,  which  carry 
counterweights  on  their  opposite  ends. 
Each  walking  beam  carries  a  gear 
sector  which  engages  a  rack  on  a  long, 
horizontal  reciprocating  member  ter- 
minating at  the  governor.  The  racks 
on  the  reciprocating  member  are 
"sleeved"  on  it  and  held  in  place  by 
pins,  which  may  be  removed  if  it  is 
desired  to  disconnect  any  turbine  from 
the  governor. 

By  this'  method  any  one  or  any 
combination  of  turbines  may  be  han- 
dled by  the  governor  or  any  turbines 
by  hand,  at  will,  by  means  of  a  lever 
shown  in  the  end  projection.  It  will 
also  be  noted  that  there  are  no  twist- 
ing strains  in  the  long  shaft,  the  only 
strains  being  those  of  extension  and 
compression,  which  may  easily  be  pro- 
vided for.  The  design  is  being  used 
in  two  large  and  important  plants  now 
being  built. 

Big.  6  shows  one  good  method  of 
connecting  a  governor  to  a  pair  of 
horizontal  wicket-gate  turbines.  It 
will  be  noted  that  the  shaft  connect- 
ing the  two  gear  sectors  on  the  gate 
stems  goes  directly  to  the  governor 
and  is  connected  to  it  through  a  pin 
clutch  which  may  be  opened  and  a 
hand-wheel  on  the  governor  may 
tnen  be  used  to  move  the  gates  by 
hand.  The  only  improvement  on  this 
design  which  can  be  suggested  would 
be  to  eliminate  the  countershaft  be- 
tween the  governor  pulleys  and  the 
turbine  shaft  by  placing  the  governor 
beyond  the  draught-tube  quarter  turn, 
so  that  the  governor  pulleys  might 
belt  directly  on  to  the  turbine  shaft. 
The  limitations  of  available  space  pre- 
vented the  location  of  the  governor  in 
this  manner  on  the  drawing  which 
shows  the  design  used  for  three  units 
in  a  modern  power  plant. 

Frequently  the  only  possible  loca- 
tion of  the  governor  prevents  any- 
thing like  direct  connection  between 
it  and  the  turbines.  In  such  cases  ex- 
perience has  shown  that  it  is  wisest 
to  avoid  the  use  of  several  pairs  of 
bevel  gears  and  long  shafts,  and  in 
their  place  use  a  steel  rope  drive. 
This  method  has  great  flexibility  and 
permits  of  governor  locations  which 
would  otherwise  be  impossible.  Fig. 
7  shows  a  design  of  this  kind.     The 


governor  is  located  in  the  only  availa- 
ble space  in  the  whole  building  and 
yet  its  connection  to  the  turbines  is 
perfectly  adequate.  The  steel  rope 
used  is  small  in  size,  made  of  very 
small  wire  especially  laid  up,  and  its 
ends  are  fixed  to  the  grooved  sheaves, 
which  are  provided  with  internal  take- 
ups,  so  that  the  rope  may  be  kept  tight 
as     a    fiddle     string.       This     general 


are  simplicity  and  directness.  These 
two  tilings  should  never  for  a  moment 
be  lost  sight  of,  and  the  more  com- 
pletely they  are  embodied  in  the  de- 
sign, the  better  will  be  the  speed  regu- 
lation. To  these  two  may  be  added 
another,  and  that  is  freedom  from  lost 
motion.  These  three  things  are  ab- 
solutely necessary  if  successful  results 
are  to  be  expected.    The  slightest  mo- 


FIG.    6. — GOOD    PRACTICE   IN    CONNECTING    A    GOVERNOR    TO    A    PAIR    OF    HORIZONTAL 

WICKET-GATE   TURBINES 


method  of  connection  is  in  successful 
use  in  many  plants  where  the  require- 
ments for  speed  regulation  are  most 
exacting. 

Examples  of  different  methods  of 
connecting  governors  to  turbines 
might  be  multiplied  almost  indefi- 
nitely, each  illustrating  features  of  in- 
terest. In  the  few  which  have  been 
shown  it  will  be  evident  that  the  two 
ends  which  have  governed  the  design 


tion  of  the  governor  must  be  trans- 
mitted in  the  simplest  and  most  direct 
manner  and  in  the  shortest  possible 
interval  of  time  to  the  turbine  gates. 

WATER-WHEEL   GOVERNORS 

From  the  considerations  which  have 
been  advanced  it  will  be  seen  that  even 
under  the  most  favorable  conditions, 
the  water-wheel  governor  has  a  diffi- 
cult duty  to  perform,  while  under  the 
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unfavorable  conditions  frequently 
found,  it  is  called  upon  to  do  more 
things  in  a  shorter  space  of  time  than 
often  falls  to  the  lot  of  a-machine.  We 
are  confronted  at  the  start  with  the 
proposition  that  the  governor  is  sup- 
posed to  hold  the  speed  of  the  turbine 
constant,  but  that  it  does  not  begin  to 
perform  its  work  until  after  the  speed 
of  the  turbine  has  begun  to  change; 
hence,  an  absolutely  perfect  speed  reg- 
ulation can  never  be  obtained  with  a 
governor  which  depends  upon  centrif- 
ugal force  in  rotating  balls  or  weights. 
All  governors  which  have  come  into 
practical  use  are  of  this  general  type. 
Even  after  the  governor  has  moved 
the  gate  the  water  tends  to  enter 
them  at  a  higher  or  lower  velocity 
than  normal ;  the  governor  must  there- 
fore be  able  to  think.     It  must  know 


in  one  or  two  seconds  upon  large  load 
changes  taking  place,  and  in  a  corres- 
pondingly shorter  interval  of  time  for 
small  load  changes.  It  should  be  of 
such  design  that  several  turbines, 
working  as  independent  mechanical 
units,  may  drive  electric  generators 
run  in  parallel  without  their  tending 
to  unequally  divide  the  load.  It 
should  also  be  capable  of  varying  the 
speed  of  the  turbine  so  as  to  be  able 
to  get  two  or  more  alternators  in 
phase  and  step.  Likewise  it  should  be 
capable  of  regulating  the  speed  of  a 
turbine  connected  either  mechanically 
or  electrically  with  a  steam  engine,  so 
as  not  to  unequally  divide  the  load 
nor  disturb  the  steam  engine.  It 
should  be  of  such  design  that  in  event 
of  the  belt  between  the  governor  balls 
and  the  turbine  shaft  breaking  or  be- 
ing thrown  off  by  a  malicious  person, 
the  governor  will  quietly  close  the 
gates  and  bring  the  plant  to  rest  in- 
stead of  letting  it  run  away. 

How  far  these  various  difficult  func- 


fig.  7. 


-CONNECTING  UP  A  WATER-WHEEL  GOVERNOR  BY    MEANS  OF  A  STEEL  ROPE  DRIVE 


enough  to  stop  the  gates  short  of  or 
carry  them  beyond  the  position  indi- 
cated by  the  change  in  position  of  the 
centrifugal  balls.  It  must  be  able  to 
do  this  no  matter  how  large  and  sud- 
den the  load  change  or  how  sluggish 
the  water  column  may  be,  or  how 
large  its  momentum  energy  may  be  in 
proportion  to  the  dynamic  energy  it 
will  develop  in  the  turbine.  To  ac- 
complish this  has  been  the  aim  of  in- 
ventors ever  since  the  use  of  electric 
power  created  a  demand  for  constant 
speed,  and  roused  other  users  of  water 
power  to  the  advantage  to  be  derived 
from  good  speed  regulation. 

The  governor  must  be  able  to  start 
from  rest,  move  the  ponderous  gates 
of  the  turbine  to  the  correct  position 
in  a  very  short  space  of  time  and  come 
to  rest  as  promptly  as  it  started.  A 
good  governor  should  be  able  to  move 
the  turbine  gate  to  its  correct  position 


tions  have  been  embodied  in  machine 
design  may  be  illustrated  by  the  fact 
that  over  250,000  horse-power  of  tur- 
bines are  at  the  present  time  accu- 
rately governed  by  one  make  of  gov- 
ernor alone.  No  attempt  will  be  made 
here  to  compare  the  merits  of  the  dif- 
ferent makes  of  governors  now  on  the 
market.  To  do  so  might  not  be  ap- 
propriate for  the  present  writer,  and 
the  intricacies  of  design  are  such  that 
the  attempt  could  not  be  but  tedious. 
Neither  will  it  be  attempted  to  review 
historically  the  development  of  water- 
wheel  governors  from  their  first  crude 
form  to  their  present  high  stage  of  de- 
development  at  the  present  time.  Nor 
will  it  be  attempted  to  discuss  nor 
criticise  the  curious  theories  of  gov- 
erning and  more  curious  mathematics 
of  the  subject  which  have  appeared 
from  time  to  time.  The  few  simple 
facts  which  have  been  presented  have 


been  taken  entirely  from  the  experi- 
ence of  actual  practice,  and  everything 
which  belongs  to  the  hoped  for 
achievement  of  the  future  has  been 
rigidly  excluded. 

In  conclusion,  it  may  not  be  amiss 
to  say  that  experience  has  abundantly 
proved  that  if  care  be  taken  in  a 
proper  selection  of  turbines,  govern- 
ors and  auxiliary  appliances,  and  if 
thought  be  given  to  the  design  of  the 
steel  and  masonry  which  conduct  the 
water  from  the  pond  or  open  forebay 
through  the  turbines  to  the  tail-race, 
few,  if  any,  water  powers  are  of  such 
natural  conformation  that  they  may 
not  be  developed  into  plants  which 
will  satisfy  the  most  exactinig  require- 
ments for  speed  regulation. 

The  governing  of  plants  in  which 
tangential  or  impulse  water-wheels 
are  used  is  an  interesting  subject, 
pregnant  with  much  recent  practical 
experience.  The  writer  regrets  that 
the  length  of  this  article,  which  has  al- 
ready exceeded  proper  limits,  prevents 
its  being  here  discussed. 


Cost  of  Walter   Power  in  France 

ACCORDING  to  recent  figures 
given  in  the  "Scientific  Ameri- 
can," the  cost  of  water- 
power  development  in  France  va- 
ries from  $21.40  to  $150  per  H.  P., 
depending  on  the  head  to  be  dealt 
with,  the  lowest  expenditure  being 
upon  a  fall  of  140  meters  in  Haute- 
Savoie,  the  horse-power  being  calcu- 
lated at  the  turbine  shaft.  At  Geneva, 
for  the  first  group  of  turbines  erected, 
of  840  H.  P.,  and  for  the  river  works 
then  completed,  the  capital  cost 
amounted  to  $300  per  effective  horse- 
power. The  groups  of  turbines  sub- 
sequently erected  cost  but  $95  per 
horse-power, and  the  completed  works 
would  cost  but  $135  per  horse-power. 
At  the  chlorate  works  at  Valorbe,  the 
capital  expenditure  upon  the  develop- 
ment of  3000  H.  P.  amounted  to  only 
$19.45  per  horse-power.  At  Niagara 
the  rates  charged  to  ordinary  consum- 
ers by  the  Cataract  Power  and  Con- 
duit Company  varied  from  2  cents  per 
unit  for  1000  units  per  month  or  less 
to  0.64  cent  per  unit  for  80,000  to 
200,000  units  per  month.  The  cost  of 
energy  for  power  purposes  from 
water-power  stations  in  France  and 
Switzerland  varied  from  2.1  cents  per 
unit  for  small  powers  to  1.24  cents 
per  unit  for  large  powers. 


In  some  of  the  sleeping  cars  of  the 
Chicago,  Milwaukee  &  St.  Paul  Rail- 
road, passengers  may  now  have  elec- 
tric lights  in  the  upper  berths.  The 
sockets  are  fixed  in  the  berths,  but  for 
the  lamp  the  passenger  must  apply  to 
the  porter. 


The  Development  of  Electric  Power  Transmission 


By    LEWIS    BUCKLEY    STILLWELL 


Through  the  courtesy  of  "Cassier's  Magazine"  it  has  been  made  possible  to  reproduce  here  the 
following  article  by  Mr.  Stillwell,  from  advance  sheets  of  the  forthcoming  Electric  Power  Number  of 
that  publication.  It  seems  needless  to  commend  it  to  attention.  Mr.  Stillwell  is  so  well  known  as  one 
of  the  foremost  men  in  the  electrical  profession,  and  has  been  so  prominently  identified  with  the  history 
of  electric  power  transmission,  that  the  reader  is  assured  at  once  of  having  before  him  the  best  that  can 
be  said  on  the  subject. — The  Editor. 


IN  October,  1886,  in  a  small  room 
on  the  top  floor  of  an  old  house  in 
Pittsburg,  Pa.,  three  hundred  in- 
candescent lamps  were  lighted  con- 
tinuously for  a  period  of  about  two 
weeks  by  alternating  current  trans- 
mitted a  distance  slightly  exceeding 
two  miles,  over  a  single-phase  circuit, 
comprising  two  copper  wires  of  No.  4 
B.  &  S.  gauge.  The  potential  used 
was  1,000  volts,  the  frequency  about 
130  cycles  per  second,  and  the  lamps 
were  connected  in  parallel  to  the  sec- 
ondary circuits  of  half  a  dozen  trans- 
formers. The  ratio  of  transformation 
was  1,000  to  50. 

This  was  the  first  instance,  in 
America  at  least,  in  which  alternating 
current  was  used  in  transmitting  elec- 
tric   energy    beyond    laboratory    dis- 


tances for  the  supply  of  translating 
devices  connected  in  multiple  arc. 
The  alternator  used  to  supply  the 
power  was  driven  by  a  belt  from  a  line 
shaft,  to  which  a  high-speed  automatic 
engine  was  connected,  and  this  gen- 
erating plant  was  located  in  a  shop  of 
the  Westinghouse  Electric  &  Manu- 
facturing Company  on  the  banks  of 
the  Allegheny  River  within  a  mile  of 
the  site  of  old  Fort  Duquesne. 

It  was  the  writer's  fortune  to  be  de- 
tailed to  watch  those  lamps  during 
twelve  hours  out  of  every  twenty-four 
during  the  test, — his  first  practical  ex- 
perience in  applied  electricity, — and 
he  vividly  recalls  the  keen  interest 
with  which  everybody  who  had  any- 
thing to  do  with  the  work  observed 
the  results.     In  the  history  of  Ameri- 


can industrial  progress  the  Lawrence- 
ville  test,  ;is  it  has  been  called,  was  an 
event  of  no  little  importance.  To 
Stanley  and  Shallenberger,  for  the 
technical  skill  and  for  the  patient  work 
which  produced  the  apparatus,  and  to 
George  Westinghouse,  whose  far- 
sighted  enterprise  realized  possibili- 
ties at  that  time  scouted  by  others,  all 
those  who  are  now  deriving  benefit 
from  the  wonderfully  extended  use  of 
alternating  currents  are  under  an  obli- 
gation which  they  should  be  glad  to 
recognize. 

Prior  to  the  Lawrenceville  test,  dis- 
tribution of  electric  energy  to  lamps 
or  motors  had  been  accomplished  by 
continuous-current  systems  operating 
at  potentials  of  1 10  to  220  volts.  The 
three-wire    system    invented    by    Edi- 
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DIAGRAM    OF    MULTI-PHASE   OR  TESLA    SYSTEM    OF 
TRANSMISSION   AND  DISTRIBUTION 
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son,  permitting"  the  use  of  a  potential 
of  220  volts,  was  coming  into  use  for 
general  purposes  in  the  larger  cities, 
and  was  regarded  as  the  highest  po- 
tential available  for  such  work.  The 
general  significance  of  the  results  of 
the  Lawrenceville  test  was  keenly 
realized;  but  the  difficulties  encoun- 
tered in  attempting  to  devolop  single- 
phase,      alternating-current      motors, 


capable  of  operation  at  the  high  fre- 
quency then  used,  practically  prevent- 
ed for  a  number  of  years  the  use  of 
alternating  current  for  power  pur- 
poses. It  was,  however,  rapidly  de- 
veloped and  extensively  applied  in  the 
field  of  incandescent  lighting. 

Tesla  patented  the  polyphase  alter- 
nating-current motor  in  1888,  but  this 
also  was  slow  in  development,  owing 


TABLE   I.— AMERICAN   CENTRAL   ELECTRIC   STATIONS  IN   1902 

Items  Total            Private  Stations 

Number  of  stations 3,620  2,805 

Cost  of  construction  and  equipment.... $504,740,352  $482,719,879 

Earnings  from  operation 84,186605  77,349,749 

Income  from  all  other  sources 1,514,000  1,385,751 

Gross  income.. 85,700,605  78,735, 500 

Total  expenses 68,081.375  68,835,388 

Salaried  officials  and  clerks- 
Average  number 6,996  6,046 

Salaries $5,663,580  $5,206,199 

Wage-earners— 

Average  number 23,33°  20,863 

Wages $14,983,112  $'3,560,771 

Power  plant  equipment — 
Steam  engines- 
Number 5930  4>87° 

Horse-power 1,379,941  1,232,923 

Water-wheels — 

Number 1,300  1.308 

Horse-power 438,472  427,254 

Generating  plant  equipment — 
Dynamos — 

Direct  current,  constant  voltage — 

Number.. 3,823  3>4°5 

Horse-power 442,446  418,913 

Direct  current,  constant  amperage — 

Number 3,539  2,957 

Horse-power 195,53!  J57>768 

Alternating  and  polyphase  current — 

Number 5,122  4,300 

Horse-power.. 987,003  896,315 

Output  of  stations — 

Kilowatt  hours,  total  for  year 2,453,502,652  2,257,598,213 

Total  number  of  arc  lamps 385,698  334,9°3 

Total  number  of  incandescent  lamps 18,194,044  15,616,593 

*  Includes  estimated  income  from  public  service. 


Municipal 
Stations 
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$22,020,473 
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largely  to  the  fact  that  for  a  long  time 
in  America  efforts  were  principally 
directed  toward  the  development  of  a 
motor  adapted  to  the  high  frequency 
of  130  cycles  per  second.  In  1890  the 
Westinghouse  Company  adopted  as 
standards  two  lower  frequencies, — 60 
cycles  per  second  and  30  cycles  per 
second.  The  step  facilitated  greatly 
the  development  of  satisfactory  poly- 
phase motors,  and  not  long  afterward 
they  began  to  come  into  commercial 
use. 

The  commercial  significance  of  the 
Lawrenceville  test  is  strikingly  illus- 
trated— although  the  impression  con- 
veyed by  the  illustration  is  a  some- 
what exaggerated  one — by  the  story 
of  the  manager  of  a  gold  mine  in  Col- 
orado, who,  in  1896,  was  able  to 
operate  a  stamp  mill  located  at  a  dis- 
tance of  about  three  miles  from  his 
water-power  by  alternating  current 
transmitted  to  the  motor  over  a  cir- 
cuit consisting  of  iron  telephone  wire 
of  ordinary  size,  This  was  accom- 
plished by  using  a  high-potential  sin- 
gle-phase alternating  current.  The 
cost  of  the  telephone  wire  was  about 
sixty  dollars.  It  is  stated  that  an  esti- 
mate for  a  continuous-current  plant  to 
do  the  same  work  had  been  submitted 
by  a  manufacturer  of  continuous-cur- 
rent machinery,  and  that  these  plans 
called  for  the  installation   of  copper 
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circuits  costing  more  than  sixty  thou- 
sand dollars. 

United  States  Census  Bulletin  No. 
5,  recently  issued,  places  us  for  the 
first  time  in  possession  of  many  im- 
portant and  extremely  interesting 
statistical  facts  relating  to  the  use  of 
electricity  for  light  and  power  pur- 
poses in  the  United  States  exclusive 
of  its  use  for  traction  purposes.  Table 
I.  of  this  bulletin  cannot  be  improved 
by  further  condensation,  and  is,  there- 
fore, here  reproduced. 

It  will  be  noted  that  of  the  aggre- 
gate output  of  dynamos  installed  in 
central  stations  which  supply  power 
exclusively  for  lighting  and  power 
purposes,  which  aggregate  amounts 
to  1,624,480  horse-power,  the  rated 
output  of  alternating-current  dyna- 
mos constitutes  more  than  60  per  cent. 
A  considerable  number  of  electric 
power  plants,  installed  primarily  for 
the  purpose  of  operating  street  and 
electric  railways,  also  supply  current 
for  lighting  and  power  purposes,  and 
if  these  be  added  to  those  which  fur- 
nish power  for  lighting  and  power 
purposes  only,  the  grand  aggregate  of 
central  stations  becomes  3,738,  the 
number  of  arc  lamps  419,561,  the 
number  of  incandescent  lamps  19,- 
636,729,  and  the  total  income  from  the 
sale  of  the  current  $90,458,420. 

The  relative  commercial  impor- 
tance of  the  central  electric  station  in- 
dustry and  gas  industry  is  shown  in 
Table  II.,  which  also  is  reproduced 
from  Census  Bulletin  No.  5. 

The  peculiar  value  of  alternating- 
current  development  resulting  from 
the  reduction  in  cost  of  distribution 
which  is  effected  by  this  class  of  appa- 
ratus is  illustrated  by  the  fact  that  75 
per  cent,  of  the  central  electric  stations 
are  in  towns  of  less  than  5,000  in- 
habitants, as  compared  with  22.8  per 
cent,  of  the  gas  plants. 

As  regards  stationary  motors,  the 
aggregate  number  installed  is  101,064, 
and  their  aggregate  horse-power 
amounts  to  624,686.  The  total  rated 
horse-power  of  steam  engines  and 
water-wheels  used  to  drive  dynamos 
is  1,772,813,  of  which  total  77.8  per 
cent,  are  the  indicated  capacity  of 
steam  engines  and  22.2  per  cent,  the 
stated  capacity  of  water-wheels. 

The  relative  number  of  dynamos 
and  relative  aggregate  horse-power  of 
alternators,  as  compared  with  direct- 
current,  constant  voltage  machines 
and  direct-current,  constant  amperage 
machines,  are  shown  in  Table  III. 

It  will  be  noted  that  the-  average  al- 
ternator is  a  much  larger  machine 
than  the  average  direct-current  ma- 
chine of  either  of  the  two  direct-cur- 
rent classes. 

It  is  impracticable  within  the  limits 
of  this  article  to  attempt  anything  like 
a  comprehensive  review  of  the  devel- 


opment of  alternating-current  appara-  more  important  steps  may  serve  to 
tus  for  transmission  and  distribution  emphasize  the  remarkable  rapidity 
of  power  which  shall  refer  even  briefly      which  has  characterized  the  evolution 


A  FULL-SIZE  SECTION  OF  THREE-CONDUCTOR,  PAPER-INSULATED  CABLE  FOR  1 1 ,0O0 
VOLT  THREE-PHASE  TRANSMISSION  USED  BY  THE  INTERBOROUGH  RAPID  TRANSIT  CO., 
NEW    YORK 


FULL  SIZE  RUBBER-INSULATED,  STEEL- ARMORED,  THREE-CONDUCTOR  CABLE  FOR 
SUBMARINE  WORK,  USED  BY  THE  INTERBOROUGH  RAPID  TRANSIT  COMPANY  OF  NEW 
YORK,    UNDERNEATH    HARLEM    RIVER 


to  the  many  small  steps  which,  in  the 
aggregate,  have  contributed  so  much 
to  the  march  of  progress;  but  in  brief 
retrospect  reference  to  a  few  of  the 


of  this  comparatively  young,  but  very 
vigorous,  addition  to  present  indus- 
trial assets. 

In   1890  the  celebrated   Frankfort- 
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Lauffen  transmission  illustrated  and 
emphasized  the  possibilities  of  high- 
potential  alternating  current  in  bridg- 
ing great  distances.  The  potential 
used  during  the  test  was  at  times 
14,000  volts,  and  at  other  times  28,000 
volts;  the  distance  was  no  miles;  the 
amount  of  power  was  small, — about 
200  H.  P.  The  transmission  was  in 
no  sense  a  commercial  success,  nor, 
indeed,  was  it  expected  to  be.  It 
served  its  purpose,  however,  of  dem- 
onstrating, upon  a  scale  sufficiently 
large,  the  possibility  of  insulating  a 
long  circuit  effectively  for  potentials 

TABLE  III.— PERCENTAGES  THAT  THE  NUMBER  AND 
HORSE-POWER  GF  THE  DIFFERENT  VARIE- 
TIES OF  DYNAMOS  ARE  OF  THE  TOTAL 
STATIONS  IN  1902 

Kind  of  Dynamo  Total 
Total- 
Number Ioo.o 

Horse-power _ 100.0 

Direct  current,  constant  voltage — 

Number 30.6 

Horse-power.  __._ 272 

Direct  current,  constant  amperage — 

Number _ 28.3 

Horse-power 12.0 

Alternating  and  polyphase  current — 

Number 410 

Horse-power 60.8 

very  high  as  compared  with  anything 
previously  attempted,  and  it  also 
served  the  purpose  of  concentrating 
attention  in  many  quarters  upon  the 
subject  of  electric  power  transmission, 
and  so  contributed  in  a  striking  and 
effective  manner  to  the  commercial 
development  of  a  relatively  new  art. 


— ^ — : — : — .;'<y/,/m8f 

8  DUCTS 


CROSS-SECTION     OF    48-DUCT    AND 
OF    8-DUCT    CABLE     CONDUITS 


In  America  the  first  important  at- 
tempt at  transmitting  power  for  com- 
mercial purposes  at  a  potential  mate- 
rially exceeding  the  3,000  volts  used 
at  Telluride,  Col.,  in  1890,  was  the  in- 
stallation of  the  plant  at  San  Bernar- 
dino    and      Pomona,      in      Southern 


California.  The  potential  used  was 
10,000  volts;  the  distance  from  the 
water-power  to  San  Bernardino  was 
29  miles. 

On  May  2,  1893,  Mr.  George  H. 
Winslow,  engineer  in  charge  of  the 
plant,  connected  the  Pomona  circuit 
in  series  with  that  to  San  Bernardino 
and  transmitted  about  100  E.  H.  P.  to 
San  Bernardino,  a  distance  of  42^ 
miles,  this  being  by  far  the  greatest 
distance  attained  in  America  up  to 
that  time. 

About  that  time,  in  various  shops 
and  laboratories  of  America  and 
Europe,  the  polyphase  motor  was  fast 
taking  commercial  form,  and  at  the 
Chicago  Exposition  of  1893  some 
striking  and  important  exhibits  of 
polyphase  apparatus  were  shown  in 
operation.  Among  these  was  a  com- 
plete power  transmission  plant,  com- 
prising a  375  K.  W.,  two  -  phase 
alternator,  an  outfit  of  step-up  and 
step-down  transformers  connected  by 
a  high-potential  circuit,  a  375  K.  W. 
rotary   converter   delivering   continu- 


TABLE   II.— COMPARATIVE  SUMMARY   OF   AMERICAN   CENTRAL  ELECTRIC    STATIONS   AND    GAS   PLANTS 

Items    ' 

Number  of  establishments 

Cost  of  construction  and  equipment 

Cost  of  supplies,  material  and  fuel.. 

Salaried  officials  and  clerks — 

Average  number _ _ 

Salaries 

Wage-earners— 

Average  number 

Wages _ - 

Income. 


Central  Electric 
Stations,  1902 
3,620 
$504,740,352 
22,915.932 

Gas  Plants, 
1900 

877 
*$567,ooo,5o6 

$20,605,356 

6,996 
$5,663,580 

S,9<>4 
$5,273,5°° 

23,33° 

$15,983,112 

85,700,605 

22,459 
$12,436,296 
t  75,716,693 

*  Capital.        t  Value  of  products. 
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cms  current  at  550  volts,  a  60  H.  P. 
synchronous  motor,  and  a  number  of 
induction  motors,  ranging  from  1 
H.  P.  to  15  H.  P.  The  system  was 
two-phase,  the  frequency  30  cycles 
per  second,  and  the  potential  of  the 
transmission  circuit  10,000  volts.  At 
the  receiving  end  of  the  line  incandes- 
cent lamps  were  supplied  through 
transformers,  and  arc  lamps  were  fed 
by  continuous  current  from  the  rotary 
converter.  Continuous  current  from 
the  rotary  converter  was  also  used  to 
operate  direct-current  motors.  The 
diagram  on  page  282,  which  is  re- 
produced from  a  descriptive  circular 
published  at  the  time,  shows  that  this 
plant  embodied  all  essential  features 
of  the  latest  transmission  plants,  ex- 
cept that  two-phase  circuits  were  em- 
ployed instead  of  the  three-phase  plan 
now  generally  preferred.  The  Ger- 
mans were  first  to  perceive  clearly  the 
advantages  of  the  three-phase  system, 
as  compared  with  the  two-phase  sys- 
tem, and  to  push  the  development  of 
three-phase  apparatus.  Dobrovolski 
showed  me,  in  Berlin,  in  1890, — pos- 
sibly as  early  as  1889, — a  three-phase 
motor  probably  cabable  of  developing 
a  quarter  of  a  horse-power.  In  Amer- 
ica, Bell,  of  the  General  Electric  Com- 
pany, installed  the  first  three-phase 
plant  at  Redlands,  in  California,  in 
1893. 

From  the  autumn  of  1892,  to  Octo- 
ber, 1893,  the  officers  and  engineers  of 
the  Cataract  Construction  Company 
were  systematically  working  toward  a 
decision  of  the  great  engineering 
question  of  the  best  method  of  utiliz- 
ing the  power  of  Niagara,  and  in  the 
month  last  mentioned  they  executed 
a  contract  for  polyphase  alternating- 
current  machinery  to  be  installed  in  a 
central  station  and  utilized  in  gen- 
erating electricity  to  be  distributed  for 
power  and  lighting  purposes.  The 
decision  of  the  Cataract  Company, 
which  had  studied  the  subject  ex- 
haustively, both  in  Europe  and  Amer- 
ica, had  a  notably  stimulating  effect, 
and  less  than  two  years  later,  in  the 
Niagara  power  number  of  "Cassier's 
Magazine,"  issued  in  July,  1895,  the 
late  S.  Dana  Greene,  in  a  very  inter- 
esting article  upon  "Distribution  of 
Niagara  Energy,"  was  able  to  list  not 
less  than  seventy  electric  transmission 
plants  in  America  in  operation  or  un- 
der construction. 

To  my  mind,  the  most  important 
events  in  connection  with  the  evolu- 
tion of  electric  transmission  in  Amer- 
ica are  (1)  the  Lawrenceville  test  of 
1886,  by  which  the  commercial  prac- 
ticability of  the  constant-potential 
transformer, — the  key  to  high-poten- 
tial transmission, — was  demonstrated; 
(2)  the  invention  of  the  polyphase 
motor,  patented  by  Nikola  Tesla  in 
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1888;  and  (3)  the  adoption,  in  1893,  overhead  lines  and  insulation  for 
of  the  polyphase  alternating-current,  underground  cables;  devices  for  pro- 
constant-potential  system  as  the  tecting  apparatus  against  the  effects 
means  of  distributing  power  from  of  lightning, — all  these  and  other 
Niagara  Falls.  adjuncts,  now  deemed  essential,  were 

The  Lawrenceville  test  demonstrat-  still  in  the  future  in  1893  so  far  as 
ed  the  possibilities  of  the  transformer  heavy  power  circuits  carrying  high 
in  reducing  the  cost  of  transmitting  potentials  were  concerned,  and  still  in 
circuits;  the  invention  of  the  poly-  the  future  also  was  the  question  how 
phase  motor  furnished  the  means  of  best  to  aggregate  the  complicated  ap- 
utilizing  the  transmitted  power  for  paratus  of  a  transmission  system, — 
power  purposes,  and  the  adoption  of  one  of  the  great  questions  of  engi- 
polyphase  alternating  currents  by  the  neering  practice  which  still  receives 
Cataract  Construction  Company  for  answers  varying  in  respect  to  impor- 
the  great  works  at  Niag- 
ara Falls  sealed  the  com- 
mercial success  of  the 
system.  An  excellent 
meter  for  alternating 
currents  had  been  in- 
vented and  perfected  by 
Shallenberger  as  early  as 
1888,  and  Elihu  Thom- 
son also  had  .  produced 
an  effective  meter  for  the 
same  kind  of  service. 

But  the  invention  of 
the  transformer,  the  mo- 
tor, and  the  meter  left 
still  to  be  developed 
much  apparatus  of  prime 
importance  in  the  con- 
struction of  the  complete 
and  effective  plant  for 
transmission  and  distri- 
bution of  power  by  elec- 
tricity. Switches,  operat- 
ed automatically  or 
otherwise,    and    adapted 

...  f-     I  •  RUBBER-INSULATED,     STEEL-ARMORED,     SINGLE-CONDUCTOR 

to     nigh  -  potential     cir-       cable  for  submarine  work,   as  used  by  the  inter- 
cuts;      insulators       for       borough  rapid  transit  co.,  of  new  yoek 
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A     MOTOR-OPERATED    OIL    SWITCH    FOR     11,000-VOLT    THREE-PHASE    CIRCUITS,     MADE    BY    THE 
GENERAL   ELECTRIC   COMPANY,    SCHENECTADY,    NEW    YORK 


tant  details,  but  varying  far  less  than 
they  did  ten  year  ago.  There  re- 
mained also  the  training  of  men  and 
the  development  of  effective  organiza- 
tions for  operation, — a  work  in  itself 
requiring  time,  thought,  and  pains- 
taking effort. 

Thanks  to  Hopkinson,  Kapp, 
Schmid,  Brown  and  others,  the  art  of 
dynamo  design  had  been  developed  to 
a  point  where  it  became  possible  to 
predetermine  the  constants  of  a  dyn- 
amo, and  to  design  and  build  in  full 
confidence  that  the  results  attained 
under  test  would  coincide  with  expec- 
tation based  upon  calculations.  The 
transformer,  the  motor  and  the  meter 


placed  us  in  possession  of  means  for 
delivering  and  measuring  power  at  a 
distance;  but,  as  has  been  indicated, 
much  remained  to  be  done  in  the  de- 
velopment of  a  reliable  system. 

It  should  be  noted  also  that  the  de- 
velopment of  apparatus  for  electric 
transmission  thus  far  has  been  effected 
necessarily  not  with  reference  to  fixed 
ultimate  conditions,  but  with  refer- 
ence to  conditions  which  are  con- 
stantly changing  by  reason  of  the 
demand  for  higher  and  still  higher 
potentials,  and  by  reason  of  the  in- 
creased complexity  of  circuits  which 
results  from  the  growth  of  existing 
plants.     As  the  possibility  of  bringing 


greater  distances  becomes  apparent, 
the  demand  for  increased  potentials 
makes  itself  felt,  and  every  important 
increase  of  potential  implies  corre- 
sponding increase  in  insulation  of 
circuits,  including  transformers, 
switches  and  all  devices  connected 
therewith. 

Again,  as  a  given  power  company 
extends  the  sale  of  its  product,  every 
additional  user  of  power  implies  addi- 
tional apparatus  connected  to  the  cir- 
cuits and  increased  risk  of  interrup- 
tion of  the  general  supply  of  power  to 
customers  of  the  company.  Increase 
of  potential  must  be  met  by  improve- 
ment in  insulation,  and  interruptions 
due  to  aggregate  length  and  complex- 
ity of  an  interconnected  system  of 
conductors  must  be  met  by  improve- 
ment in  automatic  circuit-breaking 
devices,  arranged  with  reference  to 
the  location  of  interruptions  of  service 
due  to  failure  of  insulation  or  other 
causes.  The  fact  that  during  the  past 
ten  years  the  rate  of  interest  upon  cap- 
ital has  been  decreasing  in  America 
has,  doubtless,  tended  to  lessen  in 
some  degree  the  force  of  the  argu- 
ment in  favor  of  a  rapid  increase  in 
potentials  adopted  for  new  plants ;  but 
the  reasoning  which  is  brought  to 
bear  upon  such  questions  as  the  selec- 
tion of  potential  too  often  has  little 
connection,  or  at  least  little  conscious 
connection,  with  such  matters  as  a 
progressive  fall  in  rates  of  interest. 

A  subject  that  has  received  less  at- 
tention than  it  deserves  is  the  difficulty 
of  maintaining  an  uninterrupted  sup- 
ply of  power  to  motors,  lamps,  and 
other  translating  devices  used  by  cus- 
tomers which  results  from  increased 
lengths  of  conductors  and  increased 
numbers  of  translating  devices  con- 
nected to  a  single  source  of  supply. 
Electrical  engineers  are  not  accus- 
tomed to  enlarge  upon  the  subject  of 
interruptions  of  service,  but  the  first 
step  in  the  correction  of  defects  is 
recognition  of  their  existence,  and 
reference  to  this  phase  of  the  general 
subject  may  be  useful. 

Obviously,  interruptions  of  service 
may  have  their  origin  in  the  power 
plant,  in  the  transmitting  circuits,  or 
in  apparatus  located  upon  the  prem- 
ises of  the  user.  Other  things  being 
equal,  those  due  to  line  troubles  will 
vary  with  the  length  of  the  line,  as  has 
been  clearly  recognized  since  the 
earliest  days  of  transmission.  Equally 
obvious,  but  apparently  less  clearly 
recognized,  is  the  lact  that  a  plant  de- 
livering power  to  a  dozen  users  over 
a  line  of  equal  length  faces  an  in- 
creased risk  of  interruption  of  service 
by  reason  of  the  addition  of  a  number 
of  branch  circuits  at  the  receiving  end 
of  the  line,  and  connection  to  the  sys- 
tem of  a  dozen  outfits  of  apparatus  in 
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users'  premises  in  place  of  one. 
Where  it  happens  necessarily,  as  at 
Buffalo,  at  Milan,  and  at  a  few  other 
places,  that  a  very  considerable  num- 
ber of  users  are  supplied  through 
cables  placed  underground,  which 
cables,  in  turn,  receive  through  trans- 
forming stations  their  supply  from 
overhead  transmitting  circuits  extend- 
ing across  country  from  the  water- 
power,  the  difficulties  in  the  way  of 


maintaining  an  uninterrupted  supply 
of  power  become  very  serious. 

Imagine,  if  you  please,  that  in  a 
given  city  a  score  of  separate  steam 
engines  are  used  to  drive  line  shafts 
in  twenty  factories  and  mills.  Each 
of  these  engines  is  liable  to  a  certain 
number  of  accidental  interruptions  of 
service,  averaging,  perhaps,  one  per 
annum.  If,  for  the  twenty  steam 
plants,  twenty  electric  motors,  sup- 
plied through  an  interconnected  sys- 
tem of  conductors,  be  substituted,  it 
is  evident  that  effective  means  must 
be  adopted  to  prevent  an  accident  to 
one  motor,  resulting  in  interruption 
of  service  in  the  twenty  factories  and 
mills;  otherwise  if  accidents  causing 
interruption  average  the  same  with 
motors  as  with  steam  plants,  each 
user  will  suffer  from  twenty  interrup- 
tions per  annum  instead  of  from  one. 

It  may  be  noted  still  further  that  the 
user  who  philosophically  bears  with 
an  interruption  caused  by  apparatus 
owned  by  himself  is  usually  far  from 
philosophical  when  inconvenienced  by 
interruptions  of  service  due  primarily 
to  failure  of  other  people's  machinery. 
The  reasons  for  adopting  effective 
means  for  preventing  interruptions  of 
service,  therefore,  increase  in  a  ratio 
greater  than  the  increase  in  number 
of  users. 

Unfortunately,  the  complete  solu- 
tion of  the  problem  cannot  be  found 
in  the  adoption  of  the  fuse  or  safety- 
link,  which  is  generally  and  satisfac- 
torily used  in  dealing  with  the  similar 
problem  which  arises  in  supplying 
lamps  and  motors  connected  to  the 
great  direct-current  networks  in  the 
large  cities,  since  in  such  cases  as  that 


of  Buffalo  the  distances  involved  in 
tne  local  distribution  are  so  great  as 
to  make  the  use  of  high-potential  cir- 
cuits to  more  than  one  transforming 
station  imperative,  and  with  circuits 
conveying  alternating  currents  at  10,- 
ooo  volts  or  even  at  2000  volts  ordi- 
nary fuse  strips  are  altogether  inap- 
plicable, while  nine-tenths  of  the 
special  devices  which  have  been  pro- 
posed to  take  their  place  are  equally 
useless. 

The  problem  is  made  still  more  dif- 
ficult by  the  phenomena  of  resonance 
and  so-called  electric  surging,  the  lat- 
ter of  which  always  follows  a  sudden 
disturbance  of  potential  of  the  system, 
while  the  former,  under  certain  condi- 
tions of  capacity,  inductance,  and 
frequency  is  liable  to  develop  poten- 
tials capable  of  breaking  down  the 
most  perfect  insulation  available  at 
the  present  time.  Obviously  here  is 
a  fine  opportunity  for  the  exercise  of 


skill,  sound  judgment,  and  perhaps 
even  inventive  ability  upon  the  part 
of  the  engineer  who  lays  out  a  system 
of  high-potential  alternating-current 
distribution  destined  to  supply  power 
at  some  future  time,  if  not  at  the  out- 
start,  to  a  large  number  of  users  dis- 
tributed over  territory  too  extensive 
to  be  reached  by  direct  current. 

The  first  thing  to  be  done  is,  of 
course,  to  secure  throughout  the  sys- 
tem the  most  perfect  insulation  that 
is  practicable.  Could  the  insulation 
be  maintained  perfect  in  all  parts, 
nothing  more  would  be  needed.  This, 
unfortunately,  is  not  the  case,  and  it 
becomes  necessary,  therefore,  to  lay 
out  such  a  system  of  distribution  with 
the  greatest  possible  care,  adopting 
effective  means  for  localizing  the  in- 
terruption which  can  result  from  a 
failure  of  insulation  in  any  part  of  the 
system. 

Much  has  been  done  since  1893  to 
overcome  the  difficulties  faced  by  the 
companies  which  first  ventured  into 
the  field  of  polyphase  transmission 
and  distribution,  but  there  is  still  room 
for    material    improvement.     The    in- 


sulation of  cables  has  made  wonder- 
ful progress,  as  have  also  glass  and 
porcelain  insulators  for  overhead 
lines,  although  the  quality  of  Ameri- 
can porcelain  is  not  yet  equal  to  that 
of  European  porcelain  used  for  the 
same  purpose. 

The  time-limit  circuit-breaker,  in- 
telligently applied,  is  of  great  value  in 
lessening  the  evil  consequence  of  fail- 
ure of  insulation  by  localizing  the 
resultant  interruption  of  service;  but 
the  reversed  current  circuit-breaker, 
first  used  by  Andrews,  at  Hastings, 
England,  which  should  be  an  equally 
valuable  adjunct  to  a  transmission 
plant,  is  not  yet  available  in  thorough- 
ly satisfactory  form.  The  extraordi- 
nary development  of  the  oil  switch  in 
recent  years  in  America,  following, 
but  quickly  surpassing,  European 
practice,  has  furnished  an  effective  so- 
lution to  many  of  the  vexing  questions 
of  switchboard  practice  which  caused 
so  much  trouble  a  few  years  ago.  The 
insulation  of  dynamos  to-day  is  such 
that  the  generation  of  currents  at  11,- 
000  volts  is  effected  with  a  factor  of 
safety  equal  to  what  was  possible  ten 
years  ago  with  generated  potentials  of 
2200  volts,  and  the  advance  in  con- 
struction of  transformers  is  almost 
equally  striking. 

In  large  plants  the  general  adoption 
of  the  method  of  operating  switches  in 
the  power  circuits  at  a  distance  from 


PORCELAIN    INSULATORS    FOR    HIGH-POTENTIAL 
CIRCUITS 

the  operator  by  means  of  compressed 
air  or  electricity,  insuring  safety  of  the 
operator,  has  resulted  in  great  gain  in 
certainty  of  operation.  To  this  end 
also  have  contributed  a  number  of  val- 
uable auxiliary  devices,  such  as  the 
ingenious  and  effective  synchronism 
indicator  invented  by  Mr.  Paul  M. 
Lincoln,  the  diagrammatic  arrange- 
ment of  control  switches,  which  places 
under  the  eye  of  the  operator  at  all 
times  an  accurate  diagram  of  connec- 
tions existing  throughout  the  system, 
various  improvements  in  regulating 
and  governing  mechanism  of  engines, 
and    more    particularly    of    hydraulic 
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turbines,  and,  most  important  of  all, 
perhaps,  the  development  of  devices 
for  the  protection  of  ekctric  appara- 
tus against  the  effects  of  atmospheric 
electricity. 

It  may  be  interesting  to  refer  briefly 
to  some  of  the  more  important  of 
these  improvements  of  the  last  decade. 
As  regards  means  available  for  trans- 
mission, the  most  striking  develop- 
ment is  the  rapid  evolution  of  cables 


ures  of  cable  insulation,  one  of  which, 
however,  did  not  cause  any  interrup- 
tion of  service. 

At  St.  Paul.  Minn.,  the  gas  light 
company  has,  for  the  past  four  years, 
successfully  operated  cable  of  this 
kind  under  a  notential  exceeding  20,- 
000  volts,  and  recently  in  developing 
plans  for  an  important  transmission 
project  I  have  received  from  two  re- 
liable manufacturing  companies  quo- 
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insulated  by  paper,  treated  with  resin- 
ous oils.  They  are  necessarily  lead- 
sheathed  to  protect  the  insulation 
against  moisture,  and  if  the  sheath  be 
preserved  and  the  cables  be  not  op- 
erated at  temperatures  exceeding 
80  C.  degrees,  there  appears  to  be  no 
reason  to  doubt  their  durability.  In 
the  city  of  New  York,  the  Manhattan 
division  of  the  Interborough  Rapid 
Transit  Company  now  has  in  use  up- 
wards of  120  miles  of  cable  of  this 
character,  operating  at  a  potential  of 
10,500  volts,  and  during  the  last  nine 
months  there  have  been  only  two  fail- 


tations  upon  paper-insulated  cables 
guaranteed  for  service  under  a  poten- 
tial of  33,000  volts,  alternating.  There 
is  no  reason  to  doubt  that  cable  of  this 
type,  constructed  under  proper  speci- 
fications and  with  sufficient  care,  may 
now  be  considered  thoroughly  reliable 
for  commercial  service  under  such  po- 
tentials as  these,  provided  proper 
precautions  are  observed  in  the  ar- 
rangement of  circuits  and  in  the  in- 
stallation of  protective  devices  to 
prevent  such  cables  being  subjected 
for  any  appreciable  length  of  time  to 
potentials    materially    exceeding    the 


working  potentials  for  which  they  are 
intended.  The  upper  view  on  page 
283  shows  the  construction  of  three- 
conductor  cable  as  used  by  the  Inter- 
borough Rapid  Transit  Company  for 
11,000-volt,  three-phase  distribution 
in  ducts. 

The  illustrations  on  pages  283  and 
285  show,  respectively,  cross  sections 
of  three-conductor,  rubber-insulated, 
steel  armored  cable  and  single-con- 
ductor, rubber-insulated,  steel  ar- 
mored cable,  as  used  by  the  same 
company  in  submarine  work. 

Methods  of  laying  cables  also  have 
greatly  improved.  In  the  United 
States  they  are  now  usually  laid  in  tile 
ducts,  set  in  concrete.  Much  of  this 
duct  work  is  still  badly  done,  particu- 
larly with  reference  to  the  dissipation 
of  heat,  due  to  currents  traversing  the 
cables;  but  general  practice  in  this  re- 
spect has  improved  greatly  within  the 
last  two  or  three  years.  The  two 
line  illustrations  on  page  284  show, 
respectively,  a  cross  section  of  a  cable 
conduit  and  a  cross  section  of  a  man- 
hole as  used  by  the  Manhattan  divi- 
sion of  the  Interborough  Rapid 
Transit  Company. 

Insulators  for  overhead  lines  have 
been  very  radically  improved  since 
[893.  The  insulator  used  in  the 
Frankfort-Lauffen  transmission  em- 
ployed an  oil  cup  to  decrease  surface 
leakage.  Dust  and  other  material, 
accumulating  upon  the  surface  of  the 
oil,  destroy  its  insulating  value,  and 
this  type  of  insulator  is,  therefore,  not 
now  used  commercially.  The  10,000- 
volt  plant  at  Pomona  and  San  Ber- 
nardino, Cal.,  installed  in  1890  and 
still  in  successful  operation,  uses  a 
double-petticoat  glass  insulator,  de- 
signed by  Morris,  of  the  Westing- 
house  Company,  and  the  writer,  and 
in  1895  this  insulator  was  successfully 
used  by  Mershon  during  the  high- 
potential  tests  which  he  conducted  at 
Telluride,  Col.,  under  a  potential  of 
45,000  volts. 

The  so-called  "Type  C"  insulator, 
as  used  by  the  Niagara  Falls  Power 
Company  upon  the  first  pole  line, 
erected  between  the  falls  and  Buffalo, 
and  the  "Type  E"  insulator,  as  used 
upon  the  second  pole  line,  erected  in 
1900,  are  shown  in  section  on  page 
285.  The  former  was  particularly  de- 
fective in  respect  to  its  mechanical  at- 
tachment to  the  pin,  which  was  but  J 
inch  in  diameter  at  the  top,  while  the 
number  of  screw  threads  engaging 
pin  with  insulator  was  but  six.  The 
pin  used  with  the  "Type  E"  insulator 
is  l|  inches  in  diameter  at  the  top,  and 
nine  threads  secure  the  insulator  to 
the  pin.  The  Niagara  Falls  Power 
Company  increased  the  line  potential 
between  Niagara  and  Buffalo  from 
11,000   volts   to   22,000   volts   in   the 
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spring  of  1901,  and  since  that  time  has 
been  replacing  gradually  the  "Type 
C"  insulators  on  the  old  line  by  in- 
sulators of  the  newer  type,  which  have 
been  very  successful. 

On  page  287  are  shown  illustrations 
of  three  insulators.  The  smallest  is 
"Type  E,"  as  now  used  at  Niagara, 
while  the  largest  is  an  insulator  made 
by  the  Locke  Insulator  Manufactur- 
ing Company,  of  Victor,  N.  Y.,  for 
very  high  voltage.  This  insulator  has 
been  selected  for  the  101-mile  trans- 
mission plant  of  the  Guanajuato  Pow- 
er &  Electric  Company,  in  Mexico, 
which  company  is  now  using  success- 
fully a  potential  of  60,000  volts.  The 
insulator  of  intermediate  size  is  one 
which  the  writer  designed  several 
years  ago  for  line  potentials  of  from 
40,000  to  50,000  volts.  It  is  the  larg- 
est porcelain  insulator  made  in  a 
single  piece,  the  Locke  insulator  be- 
ing made  in  several  concentric  mate- 
rials or  cuos  which  are  cemented 
together.  Many  other  insulators 
effective  for  line  potentials  up  to  50,- 
000  volts  are  now  available,  and  some 

5-4 


of  the  more  recent  of  these  are  de- 
signed for  pins  of  adequate  size. 

Probably  the  most  valuable  single 
addition  to  apparatus  developed  since 
1893  for  high-potential  transmission 
is  the  electrically  operated  oil  switch. 
The  illustration  on  page  286  gives  an 
excellent  idea  of  its  construction,  as 
built  by  the  General  Electric  Com- 
pany, of  Schenectady,  N.  Y.,  for  11,- 
ooo-volt,  three-phase  circuits. 

Two  breaks  are  provided  for  each  of 
the  three  sides  of  the  circuit,  and  in 
opening  the  circuit  the  break  is  made 
under  oil  contained  in  large  metal 
cylinders.  Each  cylinder  contains  a 
fixed  terminal.  When  the  switch  is 
closed,  current  passes  from  one  ter- 
minal of  each  pair  to  the  other 
through  two  vertical  rods  of  copper 
connected  at  the  upper  ends.  The 
switch  parts  belonging  to  each  of  the 
three  sides  of  the  circuit  are  separated 
from  all  other  Darts  of  the  switch  and 
its  mechanism  by  being  enclosed  in  a 
brick  comnartment  with  vertical  par- 
titions of  soanstone,  as  shown  in  the 
illustration.     The  moving  parts  of  the 


switch  are  operated  by  mechanism  lo- 
cated upon  the  top  of  the  brick  com- 
partment, this  mechanism  being,  in 
turn,  actuated  by  an  electric  motor 
which  is  controlled  by  circuits  extend- 
ing from  the  control  board,  or  pilot 
board  as  it  is  sometimes  called.  At 
the  control  board  the  operator  has  be- 
fore him  a  small  switch,  sometimes 
two,  corresponding  to  each  of  the 
large  three-phase  switches,  and  the 
movements  of  the  latter  are  controlled 
by  opening  and  closing  the  former. 

The  plan  of  opening  and  closing 
switches  located  at  a  distance  from 
the  operator  by  compressed  air  or 
electricity  was  first  adopted,  I  believe, 
by  the  Westinghouse  Company  in 
connection  with  the  switchgear  in- 
stalled in  the  first  power  house  of  the 
Niagara  Falls  Power  Company.  In 
that  plant  the  plan  demonstrated  its 
value,  and  it  is  now  generally  and  in 
fact  almost  necessarily  adopted  in  the 
case  of  all  large  modern  plants.  The 
sense  of  security  enjoyed  by  the  op- 
erator while  controlling  these  great 
switches  at  a  distance  results  in  con- 
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fidence  which  goes  far  to  insure  that 
precision  which  is  so  absolutely  es- 
sential. 

At  the  Manhattan  Railway  power 
plant  in  New  York  City  sixty-six 
switches  of  this  type  are  installed,  and, 
on  the  average,  have  been  in  use  about 
eighteen  months.  During  that  time 
not  one  of  these  switches  has  failed  to 
operate  as  and  when  expected,  and 
while  some  of  them  have  been  called 
upon  to  open  automatically  circuits  in 
which  extremely  heavy  short-circuited 
currents  were  flowing,  they  have  done 
this  without  damage  other  than  some 
spilling  of  oil  from  the  oil  cups. 

The  illustration  on  page  288  shows  a 
synchronism  indicator  as  installed 
upon  Switchboard  No.  1  in  Power 
House  No.  1  at  Niagara  Falls.  This 
synchronism  indicator,  invented  by 
Mr.  Paul  M.  Lincoln,  is  an  ingenious 
and  most  useful  adjunct  to  a  power 
plant  using  alternators.  When  an  al- 
ternator is  to  be  connected  in  parallel 
to  bus  bars  supplied  by  one  or  more 
alternators,  the  synchronism  indicator 
is  connected  to  the  circuits  through 
suitable  transformers  and  becomes   a 


perfect  guide  to  the  operator.  The  in- 
dex arm  of  the  indicator  revolves  at  a 
speed  proportional  to  the  difference 
in  speed  between  the  alternator  to  be 
synchronized  and  the  alternators  sup- 
plying the  bus  bars,  and  it  shows  also 
which  of  the  two  is  running  at  the 
higher  speed.  As  used  at  Niagara,  it 
is  of  very  large  size,  and  is  mounted 
upon  a  vertical  shaft  which  makes  it 
possible  to  turn  the  face  of  the  instru- 
ment so  that  it  becomes  visible  not 
only  to  the  operator  upon  the  switch- 
board who  throws  the  switches,  but 
also  to  the  governor  attendant  upon 
the  floor  who  is  adjusting  the  speed  of 
the  alternator  preliminary  to  the  oper- 
ation of  synchronizing. 

Still  another  comparatively  recent 
auxiliary  of  value  in  the  operation  of 
large  plants  is  the  diagrammatic  pilot 
board  shown  in  the  illustrations  on 
page  289.  In  this  arrangement  of  the 
operating  switches  which  control  the 
power  switches  at  a  distance,  dummy 
bus  bars  and  other  apparent  (but  not 
real )  connections  are  provided  and  as- 
sembled in  connection  with  the  operat- 
ing switches  in  such  a  way  as  to  place 


before  the  operator  at  all  times  a  dia- 
gram of  the  existing  connections  of 
the  power  circuits.  Every  time  he 
changes  the  position  of  the  pilot  or 
control  switches  he  alters  the  diagram 
to  conform  to  the  resulting  connec- 
tions of  the  power  circuits,  the  dia- 
gram as  indicated  to  the  eye  by  han- 
dles of  the  pilot  switches  being  cor- 
roborated by  red  and  green  signal 
lamps,  one  or  the  other  of  which  is 
lighted  when  the  corresponding  power 
switch  reaches  the  end  of  its  travel 
in  the  movement  incident  to  opening 
or  closing  the  circuit.  The  illustra- 
tions on  pages  114  and  115  show  the 
diagrammatic  pilot  board  and  the  in- 
strument board  as  used  for  controlling 
the  operation  of  eight  5000-K.W.  alter- 
nators at  the  Manhattan  power  plant. 
The  development  of  the  oil  switch, 
which  is  capable  not  only  of  reliably 
making  and  breaking  circuits  in  ordi- 
nary operation  of  the  plant,  but  also 
of  opening  circuits  traversed  by  short- 
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circuiting'  currents  as  a  result  of  fail- 
ure of  insulation,  opens  the  way  to  the 
effectice  use  of  the  time-limit  relay  at- 
tachment and  of  the  reverse  current 
relay  attachment  for  such  switches 
used  as  automatic  circuit-breakers. 
The  respective  functions  of  these  two 
relay  attachments  can  be  described 
best  by  reference  to  the  diagram  on 
this  page. 

This  diagram  shows  the  essential 
connections  of  power  circuits  in  a 
power  plant  comprising  five  alternat- 
ors and  transmitting  power  to  a  sub- 
station through  two  cables  or  overhead 
circuits.  To  simplify  the  diagram,  the 
arrangement  shown  is  that  required 
for  a  single-phase  apparatus,  and  but 
one  set  of  bus  bars  is  shown  in  the 
power  house  and  also  in  the  sub-sta- 
tion. From  the  sub-station  four  cir- 
cuits serve  to  distribute  power  at  low 
potential.  If  no  time-limit  circuit- 
breakers  be  used,  a  heavy  short-circuit 
upon  one' of  the  distributing  circuits 
from  the  sub-station  may  result  in 
opening  not  only  the  circuit-breaker  or 
fuse  located  in  the  sub-station  to  cut 
off  the  particular  circuit  affected,  but 
also  the  circuit-breakers  or  other  de- 
vices located  at  the  power  house  and 
intended  to  cut  off  one  or  the  other 
of  the  transmission  circuits  in  case  of 
a  heavy  short-circuit  between  power 
house  and  sub-station. 

Instances  have  been  known  where 
even  the  automatic  circuit-opening  de- 
vices between  dynamos  and  bus  bars 
have  been  opened  as  a  result  of  a  short 
circuit  beyond  the  transformers  in  the 
sub-station.  If  the  time-limit  relay  be 
be  used  in  connection  with  the  circuit- 
breakers,  and  if  it  be  set,  say,  for  three 
seconds  in  the  case  of  circuit-breakers 
between  dynamos  and  bus  bars,  one 
second  in  the  case  of  circuit-breakers 
in  the  transmission  circuits  at  the 
power  house  end  of  the  line  and  for 
instantaneous  operation  in  distributing 
circuits  from  sub-station,  the  circuit- 
breaker  in  the  distributing  circuits  at 
the  sub-station  may  be  relied  upon  to 
open  before  those  in  the  transmission 
circuit  at  the  power  house,  and,  of 
course,  also  before  those  in  the  dy- 
namo circuits  at  the  power  house  can 
open.  The  interruption  of  service, 
therefore,  which  results  from  failure 
of  insulation  in  one  of  the  distributing 
circuits  from  the  sub-station  will  be 
limited  to  the  supply  of  power  through 
the  particular  distributing  circuit  af- 
fected. 

The  reverse  current  circuit-breaker, 
which  should  be  an  equally  valuable 
adjunct  to  a  transmission  plant,  unfor- 
tunately, as  has  been  said,  is  not  yet 
available  in  thoroughly  satisfactory 
form.  Andrews  used  it  between  alter- 
nators and  bus  bars  for  the  purpose 
of    cutting  out    an  alternator  which 


might   become   short-circuited.      It   is 


equally  applicable,  of  course,  to  alter- 
nating-current circuits  between  a 
a  power  house  and  sub-station,  pro- 
vided the  circuits  are  connected  in 
multiple  with  each  other  at  both  ends 
of  the  line.  Referring  again  to  the 
diagram  on  page  290,  we  may  imagine 
that  a  short-circuit  occurs  on  a  trans- 
mission circuit,  designated  A,  at  the 
instant  of  maximum  flow  of  current 
in  one  direction,  which,  for  conven- 
ience, we  may  call  positive.  It  is  evi- 
dent that  the  instant  the  insulation  be- 
tween conductors  of  circuit  A  is 
broken  down,  c.  g.,  at  point  designated 
S,  current  will  flow  from  the  bus  bars 
at  the  power  house  and  also  from  bus 
bars  at  the  sub-station  toward  the 
point  5".    This  implies  a  reversal  in  the 


tween  power  house  and  sub-station 
are  available,  reversed  current  relays 
can  be  operated  by  difference  in  cur- 
rent flowing  through  the  short-cir- 
cuited line  and  the  other  lines,  and  re- 
lays of  this  type  are  now  upon  the 
market. 

Without  entering  further  into  dis- 
cussion of  details,  it  will  be  evident 
that  proper  use  of  the  time-limit  relay 
and  of  the  reversed  current  relay,  in 
combination  with  the  oil  switches  now 
available,  afford  means  for  effectively 
localizing  the  troubles  resulting  from 
any  short-circuit  in  an  inter-connected 
alternating-current  system  of  distri- 
bution which  is  carefully  laid  out  with 
a  view  to  such  localization. 

Perhaps  no  adjunct  of  a  successful 
transmission    plant    employing    over- 
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direction  of  flow  of  current  between 
the  the  bus  bars  at  the  sub-station  and 
the  point  S,  as  compared  with  its  di- 
rection at  the  given  instant  had  no 
short-circuit  occurred.  This  reversal 
may  be  utilized  to  open  the  circuit- 
breaker  by  actuating  a  relay  device. 

Practically  all  of  the  reversed  cur- 
rent relays  thus  far  tried  in  the  United 
States  have  proved  unsatisfactory  by 
reason  of  the  fact  that  they  require  a 
potential  in  phase  with  bus  bars  at 
sub-stations,  and  in  case  of  very  heavy 
short  -  circuits  this  potential  usually 
drops  below  the  limit  effective  for 
operation.  The  required  potential 
might  be  obtained  from  a  small  alter- 
nator, normally  operated  in  synchron- 
ism with  the  power  supply  and 
equipped  with  a  fly-wheel  of  sufficient 
size  to  keep  the  alternator  going  at 
synchronous  speed  for  the  necessary 
fraction  of  a  second  after  the  occur- 
rence of  the  short-circuit,  or  perhaps 
better  means  might  be  devised  for  ac- 
complishing the  same  purpose. 

Where  three  or    more  circuits    be- 


head circuits  is  more  important  than 
the  lightning  arrester,  and  in  the  de- 
velopment of  none  has  more  remarka- 
ble progress  been  made  since  the  days 
immediately  following  the  Lawrence- 
ville  test.  For  this  progress  we  are 
indebted  chiefly  to  Alexander  J.  Wurts. 
The  first  alternating-current  plants  in 
America  used  the  brass  "saw-tooth" 
arrester  which  was  then  in  general  use 
by  the  telegraph  companies.  Bitter 
experience  soon  demonstrated  the  fu- 
tility of  this  device  when  applied  to 
1,100-volt,  constant-potential  circuits, 
supplied  by  dynamos  having  low  inter- 
nal resistance,  and  it  was  soon  dis- 
placed by  a  flood  of  ingenious  and 
more  or  less  effective  arresters,  which, 
in  turn,  were  effectively  superseded  by 
the  so-called  non-arcing  metal  arrester 
discovered  by  Wurts  in  1892.  The 
problem  was  to  provide  an  easy  path 
from  conductor  to  earth  for  static  elec- 
tricity due  to  lightning  and  to  prevent 
the  dynamic  current  following  in  the 
path  of  the  static  discharge  and  short- 
circuiting  the  system.     This,  for  po- 
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tentials  up  to  about  25,000  volts,  has 
been  effectively  accomplished  by 
means  of  the  non-arcing  metal  cylin- 
ders. For  high  potentials,  the  per- 
formance of  lisrhtning'  arresters  is  not 
yet  altogether  reliable.  The  illustra- 
tion on  page  290  shows  a  modern 
lightning  arrester  outfit  for  25,000- 
volt  circuit.  Detail  descriptions  have 
been  printed  in  various  technical  jour- 
nals and  in  advertising  publications  of 
manufacturing  companies. 

As  regards  line  construction,  it  is  to 
be  regretted  that  few  plants  in  the 
United  States  up  to  the  present  time 
have  erected  transmission  circuits 
which,  from  the  standpoint  of  perma- 
nence, compare  favorably  with  ap- 
proved European  practice  as  illus- 
trated, for  example,  in  the  illustration 
on  this  page,  showing  the  steel  pole 
line  used  between  Paderno  and  Milan. 
For  this  illustration  I  am  indebted  to 
Mr.  Guido  Semenza,  the  very  able  en- 
gineer of  this  important  and  interest- 
ing  plant.      Nearly   all   pole   lines   in 


America  are  of  wood,  and,  so  far  as 
insulation  is  concerned,  there  is  much 
to  be  said  in  favor  of  this  material. 
In  my  opinion,  however,  the  lines  of 
the  future  will  use  steel  poles  or  tow- 
ers, widely  spaced,  and  will  rely  for 
insulation  exclusively  upon  the  insu- 
lators to  which  the  conductors  are  at- 
tached. The  idea  of  using  steel  poles 
is  not  new  in  America. 

The  illustration  on  page  293  shows 
a  design  for  a  steel  pole  carrying  two 
transmission  circuits  as  designed  un- 
der the  writer's  direction  in  1894  by 
the  Pittsburg  Bridge  Company,  and 
submitted  to  the  Cataract  Construc- 
tion Company  with  reference  to  the 
then  proposed  transmission  from  Ni- 
agara to  Buffalo.  It  will  be  noted  that 
the  three  conductors  of  each  circuit  are 
triangled,  the  sides  of  the  equilateral 
triangle  measuring  36  inches. 

Unfortunately,  this  plan  was  re- 
jected, and  the  first  pole  line  carrying 
two  circuits  was  erected  between  Ni- 
agara Falls  and  Buffalo  in  line  with 


the  plan  illustrated  on  page  291,  both 
circuits  originally  being  carried  upon 
the  upper  cross-arm,  the  three  wires 
constituting  each  circuit  being  spaced 
at  intervals  of  18  inches  and  carried 
at  the  same  level  as  shown  at  the  left. 

This  arrangement  was  a  great  temp- 
tation to  mischievous  boys,  who  threw 
wires  and  sticks  across  the  line  wire. 
Owing  to  the  position  of  the  conduct- 
ors, they  inevitably  came  in  contact 
with  at  least  two  sides  of  the  circuit, 
causing  tremendous  short-circuits, 
which  blazed  along  the  line  until  the 
power  was  cut  off.  The  light  of  these 
short-circuits  in  some  cases  was  seen 
at  a  distance  of  a  mile,  and  unless  the 
power  was  cut  off  at  the  power  house 
they  inevitably  resulted  in  burning  off 
and  dropping  the  conductors  of  the 
transmission  circuit.  The  triangular 
arrangement  of  conductors  illustrated 
on  the  right-hand  side  of  the  drawing 
on  page  291  shows  the  location  of  the 
conductors  of  the  first  two  circuits  as 
subsequently  located.  In  this  position 
they  have  given  little  trouble. 

Enough  has  been  said  to  show  en- 
gineers who  to-day  are  designing  elec- 
tric power  plants  having  available  for 
use  much  highly  important,  if  not  ab- 
solutely essential,  apparatus  which  did 
not  exist  ten  years  ago.  Efficiency  of 
dynamo,  transformer  and  motor  has 
improved  since  then,  but  it  has  gained 
little  as  compared  with  the  develop- 
ment of  such  auxiliary  apparatus  as 
has  been  referred  to  here.  The  latest 
dynamo  installed  at  Niagara  is  not  ma- 
terially more  efficient  than  the  first  one 
which  was  put  into  commercial  opera- 
tion there  in  1895  ;  but  line  insulators, 
cable  insulation,  switches  and  relay  de- 
vices for  automatic  circuit-breakers 
are  incomparably  superior  to  any  that 
existed  at  that  time. 

Doubtless  further  improvement  in 
respect  to  details  of  construction  is  to 
be  expected,  but  the  apparatus  avail- 
able to-day  is  such  that  transmission 
at  60,000  volts  should  be  more  reliable 
than  transmission  at  6000  volts  was 
ten  years  ago.  Accurate  and  extensive 
knowledge  and  sound  judgment  the 
engineer  who  designs  and  installs 
such  a  plant  must  have,  but  the  mate- 
rials are  now  available  if  he  knows 
where  to  find  and  how  to  use  them. 

Considering  the  probabilities  of  fu- 
ture development  of  electric  transmis- 
sion it  is  reasonable  to  expect  that  the 
utilization  of  water  powers  will  con- 
tinue until  practically  all  of  any  con- 
siderable magnitude  are  put  to  work. 
The  ability  to  employ  higher  potentials 
means  ability  to  span  greater  dis- 
tances, and  thus  markets  will  be  found 
for  water  powers  which  hitherto  have 
been  deemed  too  remote  from  indus- 
trial markets  for  profitable  utilization. 
Improved  reliability  and  gradually  les- 
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scning"  cost  of  apparatus  will  co-oper- 
ate influentially  toward  this  result,  as 
will  also  the  decrease  in  rates  of  inter- 
est upon  capital  which  has  been  so 
marked  in  recent  years. 

It  is  to  be  expected  also  that  power 
plants  using  steam  or  gas  engines  to 
drive  dynamos  and  distribute  power 
electrically  over  large  districts  will  be 
constructed. 

The  opportunity  for  profit  rests 
chiefly  upon  three  facts: — (i)  that 
power  can  be  produced  more  econom- 
ically by  a  very  large  steam  plant  than 
by  a  small  one;  (2)  that  the  aggre- 
gate power  which  a  central  station 
plant,  supplying  a  certain  district, 
is  called  upon  to  develop  at  any 
given  time  is  very  much  less  than  the 
sum  of  the  maximum  outputs  of  the 
small  plants  required  to  do  the  same 
work;  and  (3)  that  an  electric  motor 
occupies  much  less  space  and  requires 
less  attention  than  a  steam  plant.  A 
50,000-H.'  P.  steam  plant,  supplying 
electric  power  for  general  purposes 
to  a  district  having  a  radius  of  50 
miles,  will  burn  about  3  pounds  of 
coal  per  average  K.  W.  hour  delivered 
throughout  the  district,  while  the  aver- 
age consumption  of  coal  by  the  steam- 
plants  which  such  a  central  power 
plant  would  displace  is  usually  not  less 
than  10  pounds  per  K.  W.  hour. 

As  regards  ratio  of  the  maximum 
output  of  the  central  station  to  the  sum 
of  the  maximum  outputs  of  the  dis- 
placed small  plants,  definite  generali- 
zation is  impossible,  because  every- 
thing will  depend  upon  the  kind  of 
work  done  by  the  small  plants.  I  think 
it  safe,  however,  to  say  that  this  ratio 
will  rarely,  if  ever,  be  higher  than  2 
to  3,  and  in  some  instances  which  have 
come  under  my  observation  it  is  as  low 
as  1  to  3.  In  other  words,  a  50,000 
H.  P.  central  station  plant  will  rarely, 
if  ever,  fail  to  do  the  work  of  small 
plants  aggregating  75,000  H.  P.,  and 
in  some  instances  will  be  capable  of 
doing  the  work  of  small  plants  aggre- 
gating 150,000  H.  P. 

Transmission  of  power  from  coal 
fields  to  large  cities  works  out  much 
less  favorably,  since  in  this  case  it  must 
compete  with  the  alternative  plan  of 
transporting  the  coal  to  the  city  or  to  a 
point  near  it  and  there  generating  elec- 
tric power  in  a  steam  plant  equally 
economical  and  equally  deriving  the 
benefit  which  results  from  the  fact  that 
a  single  large  plant  can  displace  a 
large  number  of  small  plants  whose 
aggregate  output  considerably  exceeds 
its  own.  In  this  case,  the  plant  located 
at  a  distance  from  the  city  must  be 
larg;er  by  an  amount  equivalent  to  the 
maximum  losses  in  transmission. 

But  what  may  prove  to  be  the  great- 
est of  all  fields  for  alternating-current 
transmission  now  confronts  us  in  the 


application  of  electricity  to  the  opera- 
tion of  railways.  The  successful  sub- 
stitution of  electricity  for  steam  by 
Ganz  &  Co.,  of  Buda-Pesth,  upon  the 
Valtelina  line,  in  Italy,  by  which  a 
great  economy  has  been  effected  in 
cost  of  operation  of  a  railway  more 
than  60  miles  long,  is  an  object  lesson 


sen,  Germany,  in  which  a  J  5-ton  car, 
operated  electrically,  attained  a  speed 
exceeding  131  miles  an  hour,  invite  at- 
tention in  the  same  direction,  and  the 
development  of  two  single-phase,  al- 
ternating-current motors  in  America 
and  of  two  similar  motors  in  Europe, 
each  of  which  is  stated  to  meet  effec- 
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of  great  significance.  Freight  as  well 
as  passenger  traffic  is  handled  success- 
fully under  very  severe  conditions  of 
grade,  curvature  and  climate,  and  the 
economy  resulting"  from  the  substitu- 
tion of  electricitv  for  steam  challenges 
the  attention  of  railway  managers  and 
engineers. 

The  recent  high-speed  trials  at  Zos- 


tively  the  requirements  of  railway  ser- 
vice, mark  by  far  the  most  interesting 
and  important  practical  step  of  this 
new  century  in  the  use  of  electricity 
for  power  purposes. 


Machinery  Hall,  unlike  the  other 
buildings  at  the  St.  Louis  World's 
Fair,  is  open  until  11  p.  m. 


The  Storage   Battery  in   Small   Central   Stations 


By  J.  M.  S.  WARING 


From  a  Paper  read  before  the  Northwestern  Electrical  Association 


OWING  to  the  impossibility  of 
drawing  any  distinct  line  sepa- 
rating storage  battery  practice 
in  small  central  stations  from  that  in 
the  larger  stations,  and  to  the  fact  that 
many  or  most  of  the  economies  and 
advantages  effected  are  common  to  all 
direct-current  stations,  irrespective  of 
their  output,  I  have  decided  to  deal 
with  this  subject  in  the  following 
way: — 

First,  to  cite  a  battery  application 
peculiar  to  small  stations,  and  then  to 
dwell  briefly  on  the  features  common 
to  all  central  stations. 

In  the  first  case  the  consideration 
will  be  that  of  a  lighting  station  in  a 
small  village.  In  such  cases  it  usu- 
ally proves  unprofitable  to  furnish 
continuous  service  throughout  a 
twenty-four-hour  day,  as  the  demand 
for  current  during  the  early  morning 
hours  and  throughout  the  greater  por- 
tion of  the  day  would  be  so  small  that 
the  additional  shift  of  men  required 
and  the  increased  fuel  consumption 
on  the  plant  would  prohibit  the  com- 
mercial success  of  the  venture. 

It  is,  however,  true  that  the  mana- 
ger of  a  central  station  operating  only 
a  night  schedule  is  greatly  handi- 
capped. In  order  to  secure  any  great 
amount  of  residential  lighting  busi- 
ness, continuous  current  must  be  sup- 
plied, as  the  owner  of  a  residence 
would  naturally  demand  light  during 
all  hours  of  the  night,  and  would, 
further,  probably  demand  fan  service 
throughout  the  day  during  the  sum- 
mer months.  If  these  facilities  can- 
not be  offered  to  the  public,  the 
amount  of  business  of  the  small  cen- 
tral station  is  necessarily  limited. 

As  an  illustration  of  what  has  been 
accomplished  along  this  line  I  might 
cite  a  case  in  actual  practice  where  the 
conditions  were  as  follows: — ■ 

The  plant  I  have  in  mind  consisted 
of  one  60  and  one  120  horse-power 
non-condensing  engine,  which,  in  ad- 
dition to  driving  certain  machinery, 
operated  two  125-volt  generators,  one 
having  a  capacity  of  20  and  the  other 
of  25  kilowatts,  the  two  being  operat- 
ed in  combination  on  a  three-wire 
Edison  system,  with  220  volts  across 
the  outside  mains.  This  plant  has 
been  operating  and  supplying  a  load 
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concentrated  within  a  very  small  ra- 
dius. The  maximum  peak  load  of 
150  amperes  was  on  the  station  for 
about  an  hour  and  a  half  in  the  even- 
ing— that  is,  from  6:30  until  8;  it  then 
gradually  decreased  to  about  10  am- 
peres at  11  o'clock  at  night,  and  at  12 
o'clock  the  plant  was  shut  down. 

An  opportunity  arose  for  this  plant 
to  obtain  the  contract  for  city  light- 
ing, but  the  cost  of  the  necessary 
transmission  line,  including  poles, 
copper,  etc.,  amounted  to  so  much 
that  the  returns  from  the  city  lighting 
alone  would  not  warrant  the  invest- 
ment; however,  it  was  obvious  upon 
investigation  that  if  a  sufficient 
amount  of  residential  lighting  could 
be  assured,  the  investment  would  be- 
come a  decidedly  paying  one,  and 
with  this  in  view  a  storage  battery  was 
installed.  This  installation  made,  the 
station  continued  to  operate  for  the 
same  number  of  hours  daily.  On  ac- 
count of  the  new  business  the  load 
was  materially  increased.  From  12 
o'clock  (midnight)  until  dusk  in  the 
afternoon  the  entire  load  was  taken 
care  of  by  the  battery. 

While  this  was  a  three-wire  system 
with  220  volts  across  the  outside 
mains,  only  a  no-volt  battery  was  in- 
stalled, for,  during  the  hours  that  the 
battery  was  operating,  the  load  was  so 
light  that  by  connecting  the  two  out- 
side mains  together  at  the  station  the 
system  could  be  operated  by  a  two- 
wire  no-volt  system,  and  even  under 
these  conditions,  owing  to  the  light 
load,  the  drop  was  considerably  less 
than  when  operated  as  a  three-wire 
system  with  the  maximum  load.  In 
this  case  there  was  an  increase  in 
load,  after  the  installation  of  the  bat- 
tery, of  about  662-3  per  cent.,  and  an 
increase  in  fuel  consumption  of  only 
about  25  per  cent.,  showing  that  the 
cost  of  fuel  per  kilowatt-hour  was  de- 
creased about  37-g  per  cent.,  this  de- 
creased fuel  consumption  being  due 
to  the  fact  that  the  generator  set, 
while  operating  with  the  battery,  was 
run  at  a  considerably  higher  percent- 
age of  full  load  than  was  the  case 
before,  the  efficiency  being  corre- 
spondingly increased. 

Another  instance  which  occurs  to 
me  is  similar  to  the  above,  with  the 


exception  that  the  plant  supplied  the 
adjacent  district  from  a  three-wire 
direct-current  system,  while  in  the 
outlying  districts  the  load  was  on  an 
alternating  system.  While  this  alter- 
nating load  was  extremely  heavy  dur- 
ing the  peak,  it  was  very  light  during 
the  day,  consisting  only  of  a  small 
amount  of  fan  service  in  the  summer 
months.  A  battery  was  installed  in 
this  plant  which  furnished  current 
directly  to  the  direct-current  mains 
and  at  the  same  time  operated  a 
direct-current  motor  running  a  small 
alternator  so  that  the  fans  on  the  alter- 
nating-current system  could  be  op- 
erated. 

These,  and  cases  of  a  similar  nature, 
are,  of  course,  confined  to  small  plants. 
Another  application  of  the  storage 
battery,  which  is  irrespective  of  the 
size  of  the  plant,  is  that  of  a  battery 
operating  in  conjunction  with  a  water 
power  plant.  A  number  of  cases  have 
come  before  the  writer  where  there 
was  sufficient  water  power  to  supply 
considerably  more  than  the  load  ex- 
isting during  the  greater  portion  of 
the  twenty-four-hour  day,  the  peak 
load  during  the  evening  hours,  how- 
ever, being  in  excess  of  the  capacity 
of  the  turbines.  In  this  case  the  val- 
ue of  the  battery  is  apparent,  as  the 
generators,  while  carrying  the  day 
load,  are  charging  the  battery  at  the 
same  time,  the  battery  assisting  to  the 
extent  of  its  capacity  during  the  peak, 
thus  giving  an  increased  station  ca- 
pacity which  would  otherwise  be  only 
obtainable  by  the  addition  of  an  aux- 
iliary steam  plant,  with  a  correspond- 
ingly increased  cost  of  operation, 
which  would  probably  make  the  in- 
vestment prohibitive. 

There  are  a  number  of  features 
which  may  be  briefly  mentioned  as 
being  of  interest  to  the  central  station 
manager,  regardless  of  the  size  of  the 
plant  he  is  operating.  To  the  central 
station  manager  a  minimum  cost  of 
production  and  transmission,  allied 
with  reliability  of  service,  are  essen- 
tial. The  consumer,  however,  de- 
mands that  the  latter  item  be  not  sac- 
rificed in  the  pursuit  of  economy. 
Intermittent  service  results  in  a  loss 
of  business  to  the  central  station,  and, 
while  it  may  be  difficult  to  compute 
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the  expense  to  which  a  lighting"  sta- 
tion is  subjected  by  a  ten  or  fifteen- 
minute  interruption,  the  official  who 
receives  the  complaints  of  his  custom- 
ers fully  realizes  that  a  loss  of  revenue 
does  result  from  frequent  recurrences 
of  this  complaint. 

The  storage  battery  insures  in- 
creased economies  of  production  and 
transmission,  at  the  same  time  almost 
entirely  preventing  interruptions  to 
service.  A  battery  at  the  source  of 
the  direct-current  transmission,- — that 
is  to  say,  in  either  a  direct-current 
power  house  or  a  rotary  sub-station, 
— will  offset,  in  the  first  place,  the  in- 
stallation of  a  corresponding  capacity 
of  boilers,  engines  and  generators. 
In  the  second  case,  that  of  a  rotary 
sub-station — in  addition  to  this  appa- 
ratus, it  will  also  offset  a  certain  pro- 
portion of  the  static  transformers  and 
rotary  equipment,  with  the  cost  of 
which  apparatus  that  of  the  battery 
will  compare  favorably.  It  is  of  the 
greatest  value  as  a  reserve  in  either 
case,  tiding  over  shut-downs  occa- 
sioned by  trouble  on  any  of  the  ap- 
paratus just  mentioned,  or  in  the 
high-tension  line  in  the  latter  case. 
The  battery,  being  ever  present  on  the 
system,  is  readily  available  as  a  re- 
serve. 

It  further  obviates  the  necessity  of 
carrying  boilers  under  steam  in  an- 
ticipation of  a  peak  load,  thus  insur- 
ing a  decreased  fuel  consumption. 

Another  familiar  application  of  the 
storage  battery  is  that  of  placing  it  at 
the  center  of  load  on  a  direct-current 
system  of  distribution.  When  the  vol- 
ume of  business  in  a  congested  local- 
ity covered  by  a  low-tension  system 
of  transmission  reaches  a  certain  vol- 
ume (and  the  more  remote  this 
locality  is  from  the  central  station,  the 
sooner  this  point  is  reached),  the 
amount  of  copper  required  to  care  for 
the  power  from  the  central  station 
necessitates  an  outlay  tending  to  ren- 
der this  system  of  transmission  pro- 
hibitive. By  the  installation  of  a  bat- 
tery of  a  capacity  sufficient  to  care  for 
a  certain  portion  of  the  peak,  the 
amount  of  copper  between  the  central 
station  and  the  center  of  load  is  de- 
creased to  such  an  extent  that  the  bat- 
tery investment  is  decidedly  the  pref- 
erable one  from  a  commercial  stand- 
point. 

One  of  the  more  recent  adaptations 
of  the  storage  battery,  and  one  of 
which  importance  will  readily  be  rec- 
ognized by  central  station  managers, 
is  its  use  in  connection  with  direct- 
current  exciters  in  alternating-cur- 
rent power  and  lighting  plants.  With 
an  installation  of  storage  batteries 
floating  at  all  times  on  the  exciter  bus, 
interruptions  of  current  in  the  exciter 
circuit  are  practically  obviated.     Re- 


duced fluctuations  of  the  exciter  volt- 
age are  assured,  together  with  corre- 
sponding reductions  in  the  alternat- 
ing -  current  voltage  fluctuations. 
Where  alternating-current  motors  are 
used  to  drive  the  exciters,  the  battery 
also  serves  to  supply  field  current 
when  starting  up  the  plant  after  a 
shut-down. 

An  attractive  feature  in  any  battery 
installation  is  its  adaptability  to 
changes  of  conditions  over  a  very 
wide  range.  Its  capacity  or  voltage 
may  be  increased  or  decreased  by 
varying  the  number  of  plates  per  cell 
or  the  number  of  cells  in  series  with- 
out affecting  in  any  way  the  original 
installation,  thus  obviating  the  neces- 
sity of  anticipating  any  future  increase 
in  business. 

It  may  be  said  in  general  that  there 
are  few  direct-current  systems  on 
which  the  service  may  not  be  im- 
proved, the  liabilities  of  interruption 
decreased  and  the  operating-  expenses 
minimized,  by  the  use  of  a  storage 
batterv  auxiliary. 


Steam  R_a.ilroad  Control  of  Electric 
Lines 

THE  New  York,  New  Haven  & 
Hartford  Railroad,  according 
to  "The  Iron  Age,"  are  con- 
ducting an  important  experiment  in 
the  control  of  a  great  system  of  elec- 
tric street  railways,  which  is  made  the 
more  interesting  because  they  are  op- 
erating also  considerable  sections  of 
steam  road  equipped  with  the  third- 
rail  system.  In  all  this  the  company 
occupy  a  rather  unique  position  in 
recognizing  that  it  is  a  wise  policy  for 
the  steam  railroad  to  control  the  elec- 
tric lines  paralleling  its  track,  and  that 
it  is  also  expedient  that  the  city  sys- 
tems be  included.  Consequently  the 
New  York,  New  Haven  &  Hartford 
interests  have  been  acquiring  electric 
railways  for  some  time,  and  only  re- 
cently announcement  was  made  of  the 
purchase  of  the  city  system  of  New 
Haven,  Conn.,  and  the  Worcester  & 
Southbridge  Street  Railway.  Consid- 
ered apart  from  the  economic  aspect 
of  such  control  as  it  affects  the  purse 
of  the  public,  the  experiment  is  impor- 
tant in  its  influence  upon  electric  rail- 
way practice.  As  such  it  is  being 
watched  by  steam  and  electric  railway 
men,  and  also  by  alert  manufacturers 
and  dealers  in  special  electric  railway 
equipment,  who  wish  to  keep  abreast 
of  the  new  demands  that  will  be  made 
upon  them  as  a  consequence  of  the 
application  of  steam  railroad  ideas 
and  practice  upon  the  newer  form  of 
traction. 

If  the  experiment  proves  successful, 
as  steam  railroad  men  generally  be- 


lieve it  will,  the  example  is  apt  to  be 
followed  elsewhere,  and  those  who  sell 
to  street  railways  will  find  a  new  or- 
•der  of  things  as  purchasing  depart- 
ments of  steam  and  electric  companies 
are  merged.  This  will  apply  not  only 
to  those  who  manufacture  and  sell 
street  railway  equipment  proper,  but 
also  to  manufacturers  and  dealers  in 
the  thousand  and  one  things  which 
enter  into  the  equipment  of  repair  and 
construction  shops,  power  stations, 
car  barns,  etc.,  such  as  machine  tools, 
iron  and  steel,  and  so  on.  The  New 
York,  New  Haven  &  Hartford  Com- 
pany have  made  their  experiment  the 
more  searching  by  placing  the  man- 
agement of  their  street  railway  inter- 
ests, aggregating  hundreds  of  miles  of 
track,  in  the  hands  of  a  steam  railroad 
man,  who  will  occupy  a  newly  created 
vice-presidency  in  the  company's 
board  of  officers. 

Steam  and  electric  railroad  practice 
have  been  coming  together  ever  since 
the  beginning  of  electric  traction,  yet 
the  electric  railway  man  will  not  be- 
lieve that  the  steam  railroad  man  can 
successfully  cope  with  the  street  rail- 
way proposition,  because  the  condi- 
tions are  so  different  from  anything 
that  has  confronted  him  in  his  domain 
of  private  right  of  ways.  Yet  the 
street  railway  has  been  rapidly  ap- 
proaching steam  road  equipment,  in 
roadbed,  weight  of  rails,  and  weight 
and  size  of  rolling  stock.  The  steam 
railroad  man  can  add  not  a  little  to 
conditions  of  safety  on  street  railways, 
and  here  again  the  market  will  meet 
new  ideas  in  appliances  to  assist  in 
securing  safety  for  the  public.  There 
seems  to  be  little  doubt  that  steam 
railroad  management  of  electric  rail- 
ways will  be  a  not  unimportant  step 
in  the  evolution  of  the  newer  method 
of  traction. 


The  bracing  of  poles  for  electric 
transmission  lines  by  means  of  head 
guys  from  one  pole  to  another  ap- 
pears useless  as  a  protection  against 
windstorms.  At  a  recent  meeting  of 
the  Chicago  branch  of  the  American 
Institute  of  Electrical  Engineers,  the 
statement  was  made  that  a  pole  line 
protected  by  head  guys  had  entirely 
gone  down,  while  pole  lines  alongside 
of  it  protected  by  side  guys  had  re- 
mained intact. 


The  Automobile  Club  of  America 
has  made  the  official  awards  for  the 
commercial  vehicle  test,  which  took 
place  in  New  York  from  April  4  to  9, 
inclusive.  Of  the  first  prizes  offered 
in  the  seven  classes,  three  were  won 
by  electric  vehicles,  three  by  gasoline 
vehicles,  and  one  by  a  combination 
gasoline-electric  vehicle. 


The  Electric   Fviri\©Lce 


By  J.  WRIGHT 


THERE  are  few  inventions  in  the 
electrical  field  which  have  ben- 
efited the  chemist  and  metal- 
lurgist more  than  that  comprised  un- 
der the  general  title  of  "electric  fur- 
nace." Up  to,  comparatively  speaking, 
a  few  years  ago,  the  highest  attainable 
temperature  by  any  known  artificial 
means  was  1800  degrees  Centigrade, 
or,  possibly,  with  exceptional  facilities 
and  the  exercise  of  great  care,  as  high 
a  temperature  as  2000  degrees  Centi- 
grade may,  in  some  cases,  have  been 
attained,  though  the  exact  limit  is 
questionable ;  certainly  it  does  not  rise 
much  above  the  latter  figure.  Thanks, 
however  to  the  indefatigable  re- 
searches of  Moissan,  Siemens,  Bor- 
chers,  Cowles,  and  some  other  investi- 
gators, we  now  possess  a  means  for  the 
artificial  production  of  temperatures 
far  above  this  limit,  which  enables  us  to 
fuse  and  otherwise  treat  commercially 
such  hitherto  refractory  substances  as 
chromium,  platinum,  carbon,  and  even 
the  once  indestructible  crystalline  form 
of  that  element,  the  diamond. 

Generally  speaking,  electric  furnaces 
may  be  divided  under  two  main  head- 
ings, namely,  those  in  which  the  heat- 
ing effect  is  produced  by  the 
electric  arc  established  between  two 
carbon  or  other  electrodes  con- 
nected with  the  source  of  cur- 
rent, commonly  known  as  arc 
furnaces  ;  and  those  in  which  the  heat- 
ing effect  is  produced  by  the  passage 
of  the  current  through  a  resistance, 
which  either  forms  part  and  parcel  of 
the  furnace  prooer,  or  is  constituted, 
by  a  suitable  conducting  train,  of  the 
material  to  be  treated  in  the  furnace. 
The  principle  of  this  latter  type  is 
analogous  to  that  involved  in  the  heat- 
ing to  incandescence  of  the  ordinary 
electric  lamp  filament,  and  such  fur- 
naces are,  as  a  class,  known  as  resist- 
ance furnaces. 

The  earlier  electric  furnaces  natur- 
ally assumed  an  experimental  form, 
and,  of  these,  that  devised  by  Moissan, 
the  celebrated  chemist  and  investiga- 
tor, is  probably  the  simplest.  It  is  an 
arc  furnace,  and  consists  of  two  chalk 
blocks,  bored  out  at  their  centres  to  re- 
ceive a  carbon  crucible  which  encloses 
the  center  or  hearth  of  the  furnace 
proper.  Into  this  cavity  pass  two  mas- 
sive carbon  electrodes,  through  open- 
ings provided  for  them  in  the  walls 
of  the  structure,  which  is  held  together 
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by  massive  clamps.  Suitable  terminal 
connections  to  the  carbon  rods  are  pro- 
vided, exterior  to  the  furnace,  and  the 
arc  established  between  their  inner  ex- 
tremities when  the  current  is  turned 
on  plays  over  the  centre  of  the  crucible, 
heating  its  contents. 

A  furnace  of  this  type,  though  its 
capacity  is  limited  to  a  single  charge  ot 
the  crucible  at  each  operation,  has, 
nevertheless,  proved  itself  of  extreme 
utility  in  laboratory  practice,  and  is  a 
very  efficient  source  of  heat  in  that  the 
nearth  or  centre  of  activity  is  entirely 
surrounded  by  refractory,  non-con- 
ducting walls.  Very  little  heat  is  con- 
sequently lost  by  diffusion  or  radiation. 

A  somewhat  more  elaborate  modifi- 
cation of  Moissan's  original  furnace 
has  been  de^vsed  by  Messrs.  Ducretet 
&  Lejeune,  of  Paris,  and  is  shown  in 
Fig.  1.  It  consists  of  a  refractory 
chamber  R,  built  of  fire-brick  or  some 
other  suitable  material,  and  provided 
with  an  opening  A  through  which  the 
substances  to  be  treated  may  be  intro- 
duced. C  C  are  carbon 
rods,  supported  in  mas- 
sive tubular  clamps  T  T , 
which  are  water-jacketed 
to  keep  down  their  tem- 
perature to  a  safe  limit.  B 
is  a  carbon  or  magnesia  crucible,  form- 
ing- the  hearth  of  the  furnace,  and  con- 
taining  a  charge  of  the  material  to  be 
treated,  while  W  is  a  removable  win- 
dow, or  inspection  opening,  fitted  with 
ruby  glass,  through  which  operations 
requiring  only  moderate  heat  can  be 
watched  while  in  progress.  When 
utilized  for  higher  temperatures,  this 
glass  slide  is  replaced  by  a  slab  of  re- 
fractory material,  such  as  firebrick. 
The  carbons  C  C  project  through  the 
walls  of  the  furnace,  at  right  angles  to 
each  other,  and  the  necessary  separa- 
tion of  their  inner  extremities  for  the 
establishment  of  the  arc  takes  place  at 
a  point  just  above  the  mouth  of  the 
crucible  B,  as  shown.  A  system  of 
tubes  leads  into  the  interior  of  the 
chamber  R,  and  serves,  when  required, 
for  the  introduction  of  special  gases, 
with  which  it  may  be  necessary  to 
cause  the  contents  of  the  crucible  to 
enter  into  chemical  combination.  A 
horseshoe  permanent  magnet  M,  ma- 
nipulated at  the  exterior,  exerts  a  re- 
pellant  force  upon  the  arc,  directing  it 
down  into  the  crucible  as  desired,  after 
the  manner  of  a  blow-pipe. 


Sir  William  Siemens  was  the  first  to 
apply  the  electric  arc  furnace  to  com- 
mercial operations,  and  his  apparatus 
and  experiments  were  described  in  a 
paper  read  by  him  before  the  Society 
of  Telegraph  Engineers.  According 
to  this  astute  investigator,  who  seems 
to  have,  in  a  measure,  grasped  the  con- 
ditions and  general  principles  neces- 
sary to  the  successful  operation  of  an 
arc  furnace — no  mean  conception, 
when  one  considers  the  general  lack  of 
knowledge  on  the  subject  which  pre- 
vailed at  the  time  (over  twenty  years 
ago) — the  advantages  in  favor  of  the 
electric  furnace  as  a  source  of  heat  are 
that,  theoretically,  the  heat  obtainable 
is  unlimited;  fusion  is  effected  in  a 
perfectly  neutral  atmosphere ;  the  op- 


fig.   1 

eration  can  be  carried  on  in  a  labora- 
tory, without  much  preparation,  and 
under  the  eye  of  the  operator  ;  and  that 
the  limit  of  heat  practically  obtainable 
with  the  use  of  ordinary  refractory  ma- 
terial is  very  high,  because  in  the 
electric  furnace  the  fusing  material 
is  at  a  higher  temperature  than 
the  crucible;  whereas,  in  ordinary 
fusion,  the  temperature  of  the  crucible 
exceeds  that  of  the  material  fused 
within  it. 

The  general  principle  of  the  early 
Siemens  arc  furnace  is  represented  in 
Eig.2,in  which  B  is  a  refractory  cruci- 
ble of  plumbago,  magnesia,  lime,  or 
other  suitable  material,  which  mav  be 
varied  according  to  the  nature  of  the 
substance  to  be  dealt  with.  It  is  sup- 
ported at  the  centre  of  a  cylinder  or 
jacket  /,  and  is  packed  around  with 
broken  charcoal,  or  a  similarly  poor 
conductor  of  heat.  Being  thus  iso- 
lated, as  it  were,  from  the  surrounding 
atmosphere,  it  retains  its  heat,  and  very 
little  is  lost  by  diffusion.  The  nega- 
tive electrode  consists  of  a  massive  car- 
bon rod  C  passing  vertically  through 
the  centre  of  the  lid  of  the  crucible, 
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and  free  to  move  vertically  therein, 
though  the  clearance  opening  is,  for 
obvious  reasons,  very  small.  The  rod 
C  is  suspended  from  the  lower  end  of 
a  copper  strap  ^  which  conducts  the 


FIG.     2 

current  from  it,  being  attached  at  its 
upper  end  to  the  curved  extremity  of 
a  horizontal  beam  A.  The  other  side 
of  the  beam  is  provided  with  an  ad- 
justable weight  W,  and  carries,  sus- 
pended from  its  extremity  by  a  hinged 
joint,  a  hollow  soft  iron  cylinder  e, 
forming  the  core  of  the  solenoid  E.  P 
is  a  dash-pot  arrangement  in  which  the 
cylinder  works,  the  tendency  of  E  be- 
ing to  raise  it  out  of  P  against  the 
counteracting  force  of  the  weight  W , 
thus  lowering  the  negative  electrode 
into  the  crucible.  The  solenoid  wind- 
ing is  connected  as  a  shunt  across  the 
two  electrodes.  The  positive  electrode 
F,  which  may  be  of  iron,  platinum  or 
carbon,  consists  of  a  rod  of  one  or  the 
other  of  these  materials  passing  up 
through  the  centre  of  the  base  of  the 
crucible.  The  furnace  was  originally 
designed  by  Siemens  for  the  fusion  of 
refractory  metals  and  their  ores ;  con- 
sequently, once  the  action  is  started, 
electrical  contact  is  established  be- 
tween the  lower  electrode  F  and  the 
semi-metallic  mass  in  the  crucible,  and 
the  arc  continues  to  play  between  the 
surface  of  the  mass  and  the  movable 
carbon  rod  C.  As  the  current  through 
the  furnace  increases,  that  through  the 
shunt  winding  of  the  solenoid  dimin- 
ishes, and  the  weight  W  coming  into 
play,  causes  its  end  of  the  beam  to  de- 
scend, thereby  raising  the  negative 
electrode  C  and  restoring  equilibrium. 

The  Willson  furnace  is  essentially  a 
modification  of  Siemens'  original  form, 
the  solenoid  regulation  of  the  upper 
movable  carbon  being  replaced  by  a 
worm  and  hand  wheel,  while  the  fur- 
nace is  made  continuous  in  operation 
by  the  provision  of  a  tapping  hole  for 
drawing  off  the  molten  products.  This 
type  of  furnace  was  employed  in  the 
manufacture  of  calcium  carbide, 
which,  when  drawn  off  in  a  molten 
state,  is  much  purer  than  the  ingot  or 
5—5 


broken  lump  form,  in  which  the 
greater  bulk  of  that  commodity  is 
placed  on  the  market. 

The  Parks  carbide  furnace,  devised 
by  W.  P.  Parks,  of  Chicago,  is  of  the 
arc  variety,  and  provides  for  the  pro- 
duction of  .  calcium  carbide  in  the 
molten  state.  It  is  represented  in  Fig. 
3,  and  consists  of  a  vertical  cylindrical 
structure  F  of  refractory  material,  pro- 
vided with  a  carbon  hearth  C,  which, 
at  the  same  time,  acts  as  the  negative 
electrode.  It  has  an  annular  channel  a 
cut  in  its  upper  surface,  which  latter  is 
flush  with  the  inner  floor  of  F.  This 
channel  collects  the  molten  carbide 
formed,  and  it  drains  down,  to  be  ulti- 
mately drawn  off  at  A.  The  upper 
positive  electrode  B  consists  of  a  mas- 
sive, hollow  carbon  cylinder,  in  the 
lower  half  of  which,  or  the  portion  in- 
side the  furnace  F,  are  cut  radial  slots 
s  s  which  subdivide  the  electrode  and 
tend  to  set  up  a  circle  of  arcs  around 
the  space  bounded  by  the  hearth.  T  T 
are  gas  supply  pipes,  ending  in  hydro- 
carbon burners  inside  of  B,  which  pri- 
marily heat  the  raw  material  as  it 
passes  down  the  hollow  centre  of  the 
electrode.  The  feeding  is  effected  from 
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a  hopper  H  by  an  Archimedian  screw 
working  in  the  casing  D. 

An  arc  furnace,  utilized  in  the  pro- 
duction of  aluminium  from  alumina, 
either  per  se  or  alloyed  with  other 
metals,  is  that  utilized  in  what  is 
known  as  the  Herault  process,  carried 
on  by  the  Swiss  Metallurgical  Com- 
pany at  Neuhausen.  It  consists  of  an 
outer  iron  casing,  or  container  F  ( Fig. 
4)  resting  on  an  insulating  base.  This 
container  is  lined  with  massive  carbon 
plates,  cemented  together  with  tar  or 
suitable  conducting  material,  and  so 
arranged  as  to  form  at  the  centre  a  re- 
cess or  hearth  H,  an  outlet  0,  from  the 
bottom  leading  out  to  the  exterior  of 


the  furnace,  and  providing  for  draw- 
ing off  the  molten  metal. 

A  series  of  copper  pins  c  c  driven 
into  the  iron  walls  of  the  container 
serve  as  a  means  of  terminal  connec- 
tion to  the  carbon  blocks,  which  con- 
stitute    one     electrode    of    the     fur- 


fig.  4 

nace,  while  the  other,  C,  con- 
sists of  a  number  of  carbon 
plates,  placed  face  to  face,  like 
the  leaves  of  a  book,  the  spaces  be- 
tween being  filled  in  with  some  good 
electrical  conductor,  such  as  sheet  cop- 
per. The  composite  electrode,  thus 
built  up,  is  mounted  in  a  frame  E,  by 
means  of  which  it  can  be  raised  or 
lowered  as  required,  and  terminal  con- 
nection is  secured  by  means  of  an  en- 
circling clamp  T.  The  electrode  C 
passes  through  a  clearance  opening  in 
the  lid  L  of  the  furnace,  which  consists 
of  graphite  plates ;  openings  p  p  are 
also  provided  for  the  introduction  ol 
the  raw  material  (alumina),  thereby 
making  the  furnace  continuous  in  op- 
eration. 

The  furnace  is  charged  with  alu- 
mina, as  already  indicated,  and  the 
electrode  C  having  been  lowered,  the 
arc  is  struck.  The  heat  thus  set  up 
fuses  out  the  metallic  aluminium,  leav- 
ing the  oxygen  free  to  combine  with 
the  carbon  of  the  electrode  C,  which  it 
does,  forming  carbonic  oxide  gas.  The 
molten  metal  collects  at  the  bottom  of 
the  hearth  and  is  drawn  off  through 
the  outlet  0,  fresh  alumina  being  fed 
in,  and  the  height  of  the  electrode  C 
being  regulated  as  the  operation  pro- 
ceeds. 

The  King  furnace  is  also  of  the  arc 
variety,  and  is  utilized  in  the  manufac- 
ture of  carbide  in  ingot  form.  It  con- 
sists of  a  fire-brick  chamber,  through 
the  roof  of  which  passes  vertically  the 
upper,  adjustable  electrode.  The  lower, 
fixed  electrode  is  carried  by  a  small 
truck,  or  trolley,  which  runs  along 
rails  at  the  base  of  the  structure,  and 
acts  the  part  of  crucible  or  hearth.  The 
lime  and  carbon  are  fed  into  it  down 
lateral  channels' in  the  walls  of  the  fur- 
nace, and  are  caused  to  combine  by  the 
heat  of  the  arc  set  up.  The  upper  elec- 
trode is  gradually  raised  as  the  raw 
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material  is  fed  in,  until,  at  a  certain 
point,  the  truck  becomes  filled  with  a 
block  or  mass  of  calcium  carbide,  and 
is  then  wheeled  out  of  the  furnace  to 
discharge  its  load.  While  fusion  is  in 
progress  a  slielit  reciprocating  motion 
is  given  to  the  truck,  which  serves  to 
shake  the  charge  well  down  and  intro- 
duce fresh  portions  of  it  into  the  path 
of  the  arc  proper.  The  Chavarria- 
Contardo  arc  furnace  for  the  manufac- 
ture of  calcium  carbide  possesses  sev- 
eral novel  points.  Its  general  principle 
is  represented  diagrammatically  in 
Fig.  5,  where  c  e  are  the  electrodes, 
running  parallel  to  one  another  and 
slightly  above  the  axis  of  the  channel 
or  trough  T,  which  forms  the  hearth  ; 
c  c  are  thin  graphite  plates,  built  up  to 
form  a  roof-shaped  structure,  which 
becomes  itself  intensely  hot  when  the 
furnace  is  active.  The  raw  material  is 
fed  in  at  A,  and,  passing  over  the  up- 
per surfaces  of  c  c,  receives  a  prelim- 
inary heating  of  no  mean  degree ;  it 
then  passes  down,  taking  the  course  in- 
dicated by  the  dotted  lines,  under  the 
electrodes  c  c,  and  into  the  trough  7", 
where  it  is  subjected  to  the  most  in- 
tense reflected  heat  of  the  arc.  The 
moulten  carbide  formed  is  drawn  off 
by  way  of  the  outlet  0. 

The  disposal  of  the  gases,  especially 
carbon  monoxide,  resulting  from  the 
reactions  in  a  carbide  furnace  has  long 
been  a  stumbling-block  to  the  manu- 
facturer in  that  any  attempt  at  modify- 
ing the  furnace  to  this  end  resulted  in 
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undesirable  complications  and  in- 
creased prime  cost.  This  has  been,  in  a 
measure,  overcome  in  the  Frolich  arc 
furnace  for  carbide  manufacture,  in- 
vented by  Dr.  Osar  Frolich,  of  Streg- 
litz,  Germany.  The  general  arrange- 
ment is  shown  in  Fig,  6,  and  consists 
of  a  cylindrical  iron  crucible  F, 
mounted  on  standards  S,  and  tapering 
at  its  base  to  a  central  discharge  ori- 
fice. 

A  lining  of  fire-clay  L  protects  the 
cylindrical!  wall,  while  the  inner  sur- 


face of  the  conical  base  is  covered  by 
the  carbon  electrode  C.  The  remaining 
electrode  consists  of  the  massive  car- 
bon cylinder  B,  which  is  hollow,  and 
depends,  with  its  lower  edge  just  over 
the   discharge   orifice,   the   arc   taking 
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place  between  the  two  edges  of  the 
carbons.  Tubes  T  T  lead  from  the 
upper  portion  of  the  carbon  cylinder 
B  to  the  annular  chamber  R,  just  out- 
side and  enclosing  the  space  bounded 
by  the  lower  electrode  C.  The  gases 
of  combustion  pass  up  the  centre  of 
B,  which  acts  as  a  flue,  and  down  by 
way  of  the  tubes  T  T  to  R,  where 
they  mingle  with  air,  admitted  through 
perforations  in  the  casing,  and  are  con- 
sumed, the  final  products  passing  out 
through  the  discharge  pipe  P. 

The  raw  material  is  fed  into  the 
mouth  of  the  furnace  around  the  cen- 
tral electrode,  and,  passing  through 
the  annular  arcing  region  at  the  bot- 
tom, where  it  becomes  converted  into 
carbide,  falls  onto  the  adjustable  con- 
ical table  D.  This  is  provided  with  a 
lip  around  its  lower  edge,  and  is 
mounted  on  a  stem  s,  which,  gearing 
with  the  lever  /,  permits  of  its  being 
raised  or  lowered,  according  as  the 
operation  of  the  furnace  is  intermittent 
or  continuous. 

The  Denbergh  furnace  for  the  man- 
ufacture of  sulphuric  and  phosphoric 
acids,  and  also  "water-glass,"  or  sodi- 
um ortho-silicate,  is  shown  in  Fig.  7. 
It  consists  of  an  ordinary  firebrick 
structure  F,  lined  at  r  with  a  refrac- 
tory material  impervious  to  the  gases 
produced  in  the  reactions,  an  outlet  for 
which  gases  is  provided  at  0.  The 
body  of  the  furnace  is  contracted  be- 
low, as  shown,  and  the  outlet  R  for  the 
fused  products  is  led  up  within  the 
walls  themselves,  from  the  point  of 
lowest  level  to  another  point  of  higher 
level,  which  defines  the  depth  of  con- 
verted material  contained  within  the 
furnace. 

The  lid  L  carries  a  charge  inlet  i 
and  a  hopper  H,  the  feeding  being  se- 
cured mechanically  by  a  reciprocating 
movement  communicated  to  the  piston 


p,  which  works  in  a  cylinder  c,  carry- 
ing a  definite  quantity  before  it  at  each 
stroke.  The  electrodes  E  E  are  of 
carbon,  passing  through  terminal 
sockets  in  which  they  are  capable  of 
motion  in  a  direction  corresponding 
with  their  axes,  which  permits  of  feed- 
ing as  they  wear  away,  while  the  sock- 
ets, in  turn,  are  mounted  in  a  species 
of  swivel  joint,  which  allows  the  angle 
of  inclination,  and  consequently  the 
height  of  the  arc,  to  be  varied  at  will. 

Kroller's  arc  furnace  is  of  a  simple 
description.  It  consists  of  a  longi- 
tudinal chamber,  with  massive  carbon 
blocks  projecting  through  the  end 
walls.  A  series  of  carbon  blocks,  sup- 
ported in  line  with  the  terminal  elec- 
trodes, are  arranged  along  the  cham- 
ber at  regular  intervals,  their  number 
varying  according  to  the  voltage.  The 
arc  is  thus  split  up  into  series,  and  a 
number  of  heated  regions  are  secured 
in  the  centre  of  the  mass  of  raw  ma- 
terial which  is  packed  around  the 
blocks. 

The  Henriveux  furnace,  for  the 
manufacture  of  glass,  consists  of  three 
steps  or  slabs  of  refractory  material, 
forming  a  species  of  cascade,  the  mix- 
ture to  be  fused  being  fed  from  a  hop- 
per onto  the  top  step,  whence  it  de- 
scends by  gravity  over  the  remainder. 
The  heat  from  a  powerful  arc  is  di- 
rected upon  each  of  the  three  steps, 
and  the  mass,  in  passing  through  the 
series  of  three,  emerges  finally  in  a 
molten  state,  and  is  collected  in  a  suit- 
able receptacle  at  the  bottom  where 
it  is  maintained  in  a  state  of  fusion 
by  a  gas  or  coke  fire.  It  is  said  to  be 
a  very  wasteful  process  in  that  a  con- 
siderable quantity  of  the  heat  devel- 
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oped  in  the  arcs  is  lost  or  dissipated 
without  performing  useful  work. 

Passing  now  to  resistance  furnaces, 
Borchers'  is  typical  of  that  class  in 
which  a  core,  forming  part  of  the  fur- 
nace itself,  is  heated  by  the  passage  of 
the  current  through  it,  and  imparts  its 
heat  to  the  surrounding  mass  of  ma- 
terial contained  in  the  furnace.  It  is 
represented  in  Fig.  8,  and  consists  of  a 
block  B  of  refractory  material,  through 
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the  centre  of  which  passes  an  opening 
R  forming  the  crucible,  or  centre  of 
activity,  into  which  is  fed  the  material 
to  be  treated.  This  space  R  is  bridged 
by  a  thin  carbon  rod  c,  which  is  at- 
tached, at  its  extremities,  to  two  mas- 
sive carbon  electrodes  C  C,  passing 
through  the  walls  of  the  furnace  and 
fed  with  current  through  the  large 
metal  clamps  M.  These  massive  elec- 
trodes serve  to  conduct  the  current, 
without  undue  heating,  to  the  smaller 
rod  c,  through  which  it  passes,  in  turn, 
raising  it  to  a  very  high  temperature, 
owing  to  the  resistance  offered  to  its 
passage  by  a  conductor  of  considerably 
smaller  cross-section,  and  forming,  as 
it  were,  a  central,  heated  axis  to  the 
material  contained  in  the  crucible.     It 


fig.  8 

thus  diffuses  its  heat  throughout  the 
mass,  from  its  centre  outwards. 

The  Gibbs  resistance  furnace  is 
based  on  the  Borchers  principle,  a  car- 
bon rod,  or  rods,  of  small  section  being 
supported  between  massive  carbon 
blocks  set  in  cast-iron  sockets  let  into 
the  brickwork.  The  novelty  of  this 
invention,  however,  lies  in  the  posi- 
tion of  the  small  resistance  rods. 
These  are  located  above  the  furnace 
charge  and  do  not  come  into  actual 
contact  with  it  at  all,  the  heat  beine: 
communicated  by  reflection  from  the 
domed  roof. 

The  Acheson  furnace  for  the  man- 
ufacture of  carborundum  is  a  some- 
what rudimentary  device,  in  that  it  is 
built  up  and  pulled  down  again  for 
each  charge  of  raw  material  dealt 
with.  It  is  represented  in  diagram  by 
Fig.  9,  in  which  F  is  a  rough  firebrick 
structure,  through  the  end  walls  of 
which  project  the  electrodes  C  C,  con- 
sisting of  composite  bundles  of  carbon 
rods  set  in  massive  metal  clamps  M. 


fig.  9 

The  space  between  the  two  electrodes 
is  bridged  by  a  conducting  path  of 
coke  A,  which  constitutes  the  distinct 
core  of  the  furnace,  and  relegates  it 
to  the  class  of  which  Borchers'  furnace 
is  a  typical  example.  This  core  is 
packed  round  with  the  raw  material 


N,  consisting  of  coke,  sand,  sawdust 
and  common  salt.  The  process  of  con- 
version is  said  to  be  far  from  eco- 
nomical. 

A  resistance  furnace,  based  upon 
the  fundamental  principle  of  the 
Nernst  lamp,  has  been  devised  by  Drs. 
Nernst  and  Glaser.  The  resistance, 
or  heater,  is  cylindrical,  electrical  con- 
nection with  it  at  the  top  and  bottom 
being  secured  by  an  annular  packing 
of  some  conducting  oxide,  held  in 
place  by  iron  clamps  and  bolts.  The 
hollow  cylinder  is  surrounded  by  a 
jacket  of  oxide,  loosely  packed  be- 
tween it  and  an  outer  cylindrical 
sheath — an  arrangement  which  pre- 
vents undue  waste  of  heat.  The  heat- 
ing cylinder,  which  consists  of  a  mix- 
ture of  magnesia,  calcium  carbonate, 
alumina,  and  silica,  is  closed  by  a  lid, 
and  the  substance  to  be  treated  is 
either  packed  directly  into  it  or  con- 
tained in  a  crucible  located  within  it. 
In  the  former  case  the  cylinder  is  pro- 
tected internally  by  an  additi6nal  lin- 
ing of  rmre  magnesia,  coated  with 
graphite  to  give  it  an  initial  conduc- 
tivity. 

The  Cowles  furnace,  again,  is  typi- 
cal of  that  class  of  resistance  furnace 
in  which  the  path  of  high  resistance 
consists  of  the  material  to  be  treated 
and  does  not  form  part  of  the  fur- 
nace proper.  The  Cowles  furnace  first 
made  its  appearance  in  1884,  and  takes 
several  forms,  all  more  or  less  similar 
in  general  principle,  but  dif- 
fering in  such  general  de- 
tails as  affect  the  class  of 
work  for  which  they  are  in- 
tended. 

In    its    simplest    form    it 
consists  of  an  oblong  fire- 
brick    structure,     provided 
with  a  lid,  m  which  are  one 
or  more  vent  holes  to  per- 
mit the  escape  of  the  gases 
generated.    Massive  carbon 
electrodes  are  introduced  horizontally 
through  the  two  ends  of  the  furnace, 
electrical  connection  with  them  being 
secured,  in  an  early  form,  by  a  species 
of  tubular  gland  through  which  each 
electrode  passed,  and  which  was  filled 
with  copper  shot.     In  passing  to  and 
fro  through  these  glands  the  carbon 
rods  set  up  a  kind  of  rolling  friction 
with  the  shot,  and  fairly  good  electri- 
cal contact  was  thus  established  be- 
tween them. 

A  preliminary  lining  of  granular 
charcoal  was  given  to  the  furnace, 
which,  being  a  bad  conductor  of  heat, 
prevented  undue  loss  from  radia- 
tion and  diffusion.  Inside  this  lining, 
again,  was  packed  the  partially  con- 
ducting mass  to  be  heated,  forming  a 
chain  between  the  two  carbon  elec- 
trodes. When  the  current  was  turned 
on   this   mass   became   heated   by  the 


passage  of  the  current  through  it,  after 
the  manner  of  the  carbon  filament  in 
the  ordinary  incandescent  lamp. 

In  a  later  form  (Fig.  10)  of  the 
Lowles  furnace  charging  funnels  F  F 
were  introduced  through  apertures  in 
the  lid,  whilst  the  hearth  sloped  from 
either  end  to  the  center,  at  the  lowest 
point  of  which  was  provided  an  outlet 
0  for  drawing  off  the  molten  products. 
C  C  are  the  carbon  electrodes ;  G,  the 
glands  containing  the  shot ;  and  c,  the 
lining  of  non-conducting  charcoal. 
The  funnels  F,  by  a  judicious  feeding 
process,  provided  a  means  of  keeping 
the  resistance  of  the  column  of  ma- 
terial fairly  uniform  at  all  points,  thus 
ensuring  an  even  distribution  of  heat 
throughout  the  mass. 

The  Cowles  furnace  for  the  treat- 
ment of  zinc  ores  was  also  of  the  re- 
sistance type,  and  is  represented  by 
Fig.  11,  where  R  is  a  long  cylinder  of 
fire-clay,  mounted  in  a  brickwork  set- 
ting, and  surrounded  by  a  jacket  of 
some  refractory  material  /  which  is 
also  a  bad  conductor  of  heat.  The  in- 
ner end  of  the  cylinder  R  is  effectually 
closed  by  a  flanged  disc  of  carbon  C, 
which  also  constitutes  one  electrode  of 
the  furnace,  the  other  taking  the  form 
of  a  plumbago  crucible  P,  the  convex 
base  of  which  fits  into  the  outer  ex- 
tremity of  the  cylinder  R  and  forms  a 
removable  seal.  Further,  by  way  of 
an  aperture  a  in  the  wall  of  the  cruc- 
ible, the  metallic  zinc  passes  over  into 
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it  by  distillation,  and  is  collected  there- 
in, a  chimney  or  outlet  c  serving  to 
carry  off  the  gases  and  fumes  pro- 
duced. The  charge  of  broken  zinc  ore 
is,  as  before,  spread  evenly  along  the 
cylinder,  so  as  to  form  a  semi-con- 
ducting chain  between  the  two  elec- 
trodes. 

The  Cowles  furnace  for  the  manu- 
facture of  aluminium  alloys  partook 
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of  the  nature  of  Borchers'  furnace, 
although  it  had  not,  strictly  speaking, 
a  continuous  resistance  of  its  own. 
Two  massive  tubular  electrodes,  pro- 
vided with  a  means  for  manual  ad- 
justment, carried  close-fitting  cores  of 
smaller  section,  which  inclined  to  one 
another  and  actually  met,  forming  a 
conducting  core  of  high  resistance  at 


FIG.    12 

a  point  in  the  centre  of  the  furnace, 
immediately  under  the  aperture  of  the 
feeding  hopper.  These  smaller  elec- 
trodes, together  with  the  raw  material 
fed  on  to  them  at  the  point  of  meeting, 
formed  a  conducting  link  of  high  re- 
sistance between  the  main  electrodes, 
and  the  heating  effect  of  the  current 
was  thus  localized  and  confined  to  the 
point  at  which  it  was  most  needed, 
namely,  at  the  feeding  centre  of  the 
cavity. 

A  circular  form  of  resistance  fur- 
nace, devised  by  M.  R.  Conley,  and  in- 
tended mainly  for  the  reduction  of  iron 
ores  or  the  manufacture  of  steel,  con- 
sists of  a  cylindrical  firebrick  struc- 
ture, the  inner  wall  of  which  is  con- 
tracted to  form  a  narrow  opening  at 
about  two-thirds  of  its  depth  to  the 
hearth  proper,  which  lies  below.  At 
the  contraction  is  introduced  a  circular 
set  of  electrodes  of  segmental  form, 
made  of  the  usual  compressed  carbon 
mixture,  and  isolated  from  one  an- 
other by  intervening  segments  or  pil- 
lars of  firebrick. 

The  electrode  segments  constitute 
an  even  number,  and  are  connected 
alternately  to  the  positive  and  nega- 
tive poles  of  the  source  of  current. 
Means  of  adjustment  are  provided 
which  allow  the  segments  to  be  fed 
radially  as  they  wear  away.  A  sim- 
ilar circle  of  segmental  electrodes  sur- 
rounds the  central  portion  of  the  fur- 
nace proper,  on  a  crucible,  which  is  lo- 
cated below  the  contraction  and  pro- 
vided with  an  outlet  for  drawing  off 
the  molten  metal  as  it  forms.  By  a 
suitable  manipulation  of  the  current 
and  connections  to  the  furnace,  it  is 
possible  with  this  device  to  secure  a 
combination  of  heated  zones  or  paths 
through  the  mass   of  material  under 


treatment,  the  position  of  which  can 
be  varied  at  will,  so  as  to  penetrate  to 
all  parts  and  secure  a  homogeneous 
and  uniform  fusion.  t 

The  Readman-Parker  furnace  for 
the  manufacture  of  phosphorus  was 
invented  independently  by  these  two 
gentlemen  in  1888,  and  they  subse- 
quently combined  their  ideas  to  form  a 
cpmmunity  of  interests.  It  consists 
of  the  usual  firebrick  structure  F,  Fig. 
\2,  and  feeding  hopper  H,  the  furnace 
being  hermetically  sealed,  in  order  to 
exclude  atmospheric  air.  A  discharge 
hue  A  carries  off  the  gases  and  vapors 
formed  during  the  process,  and  the 
interior  of  the  chamber  is  contracted 
at  its  lower  portion,  as  shown,  to  form 
a  hearth.  Multiple  electrodes  E  E  are 
employed  facing  one  another  in  two 
rows,  passing  through  the  side  walls 
of  the  structure,  while  smaller  elec- 
trodes e  e,  below  them,  which  can  be 
brought  into  closer  proximity,  are  em- 
ployed to  start  the  current  flow.  These 
are  subsequently  withdrawn,  and  the 
action,  which  resembles  that  of  a  re- 
sistance furnace  with  a  conducting 
path  formed  of  the  material  under 
treatment,  is  maintained  between  the 
main  electrodes  E  E. 

The  ingot  carbide  furnace  recently 
patented  by  Mr.  Parker  should  have  a 
decided  future  before  it.  The  princi- 
ple of  its  construction  is  represented  in 
section  plan  in  Fif.  13,  in  which  R  is  a 
cylindrical  retort  or  crucible,  lined 
throughout  with  carbon  C,  forming 
one  electrode,  the  other  being  a  mas- 
sive carbon  block  of  rectangular  sec- 
tion B,  which  is  supported  at  the  cen- 
tre of  the  retort,  and  is  of  such  di- 
mensions that  its  corners  approach 
very  closely  to  the  inner  carbon  walls 
of  that  vessel.  The  raw  material  is  fed 
in  at  hoppers  on  either  side  of  B,  their 
position  being"  indicated  by  the  circles 
a  and  b.  While  working,  the  crucible 
and  its  contents  revolve,  thus  con- 
stantly bringing  fresh  portions  of  the 
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mass  within  the  zone  of  activity,  while 
by  a  carefully  proportioned  train  of 
gearing  the  electrode  B  is  gradually 
raised  at  such  a  rate  that  its  lower  ex- 
tremity is  always  immersed  at  a  con- 
stant depth  in  the  mass  under  treat- 


ment, while  an  ingot  of  finished  car- 
bide is  gradually  built  up  beneath  it 
in  the  crucible. 

A  series  of  patents  have  been  re- 
cently granted  in  the  United  States  on 
electric  furnaces  for  the  manufacture 
of  such  comminuted  products  as  pig- 
ments, abrasives,  oxides,  refined  met- 
als, and  a  miscellaneous  collection  of 
similar  character.  The  general  ar- 
rangement consists  of  an  arc,  or  re- 
sistance, furnace,  with  which  is  com- 
bined an  air  blast  device,  playing 
either  immediately  onto  the  furnace 
contents  or  upon  the  vapors  rising 
from  it.  An  example  will  serve  to 
demonstrate  the  general  principle 
involved. 

Fig.  14  represents  a  furnace  of  this 
description,  devised  by  C.  S.  Lomax, 
and  patented  as  recently  as  March, 
1902.  It  is  intended  for  the  manu- 
facture of  the  various  commercial  ox- 
ides of  lead  and  tin.  A  refractory 
block  F  has  a  narrow  channel  c  cut 
in  its  upper  surface ;  this  constitutes 
the  hearth  of  the  furnace,  and  is  of 
uniform  cross-section  for  about  the 
centre  third  of  its  length.  At  each 
extremity  it  merges  into  a  deeper  and 
wider  wedge-shaped  cavity,  in  either 
of  which  is  placed,  vertically,  an  elec- 
trode ;  T  is  a  main,  supplying  cold  or 
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heated  air  to  the  discharge  jets  t  t, 
which  are  set  at  such  an  angle  that 
the  air  emerging  from  them  is  pro- 
jected downwards  into  the  central 
trough  or  channel ;  L  is  a  cover  or 
screen,  which  collects  the  products  and 
guides  them  into  the  chamber  R. 

The  mode  of  procedure  is  exceed- 
ingly simple.  The  channel  c,  together 
with  its  enlarged  ends,  is  filled  with 
the  molten  lead  or  tin  to  be  converted ; 
the  current  is  turned  on,  and  that  por- 
tion of  the  molten  column,  bounded  by 
the  narrow  central  channel,  immedi- 
ately attains  a  considerable  tempera- 
ture, owing  to  its  smaller  cross-section. 
When  the  required  heat  has  been 
reached  the  air  blast  is  brought  into 
play,  causing  the  finely  divided  metal- 
lic particles  to  combine  with  its  oxy- 
gen, the  resulting  compound  being 
carried  over  into  the  chamber  R.  This 
form  of  furnace  is  adaptable  to  making 
a  variety  of  oxides,  the  necessary 
changes  in  chemical  combination  being 
brought  about  by  varying  the  respec- 
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tive  temperatures  of  the  air  blast  and 
the  molten  metal. 

Ruthenburg's  electro-magnetic  fur- 
nace is  another  practical  example  of 
the  proverb  "Necessity  is  the  mother 
of  invention."  One  of  the  purest 
sources  for  the  extraction  of  metallic 
iron  is  "iron-sand"  and  similar  ores, 
the  process  of  treating  which  has  hith- 
erto been  hampered  by  their. finely  di- 
vided state  and  consequent  clogging 
of  the  smelting  furnaces.  Ruthen- 
burg's invention  has  in  view  the  pre- 
liminary agglomeration  of  this  sand, 
with  the  object  of  thus  converting  it 
into  a  form  more  suitable  for  the  ordi- 
nary operation  of  smelting. 

His  furnace  is  represented  in  Fig. 
15,  and  consists  of  two  similar  cast- 
iron  hoppers  H  H  hinged  together  at 
the  point  of  support  a,  and  into  which 
the  iron-sand  is  fed  at  equal  rates.  The 
discharge  orifices  0  0  are  opposite  to 
each  other,  and  the  distance  between 
them  can  be  varied  at  will  by  the  hand- 
wheel  and  worm  W.  The  two  hoppers 
constitute  the  electrodes,  terminal  con- 
nection with  them  being  secured  as 
shown  at  t  t,  where  the  discharge  noz- 
zles are  also  water-jacketed;  C  C  are 
magnetizing  coils,  encircling  the  hop- 
pers, and  having  their  windings  con- 
nected either  in  series  with,  or  in  shunt 
across,  the  hoppers.  Their  office  is  to 
magnetize  the  individual  particles  of 
the  sand  causing  them  to  adhere  to- 
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gether  temporarily  and  thus  assist  in 
forming  a  self-supporting  mass  M 
across  the  discharge  apertures.  This 
mass  is  subjected  to  the  maximum 
heating  effect,  and  the  semi-molten 
product  drops  away  into  the  crucible 
R  placed  to  receive  it. 

A  novel  type  of  resistance  furnace, 
patented  independently,  with  some 
slight  variation  of  detail,  by  Colby, 
Ferranti,  and  Kjellin,  is  worked  on  the 


inductive  principle,  and  consists  of  an 
annular,  or  helical,  channel  in  a  refrac- 
tory base,  filled  with  a  conducting,  or 
semi-conducting,  medium,  which  con- 
stitutes the  furnace  charge,  and  has  a 
heavy  current  induced  in  it  by  a  sur- 
rounding coil  of  many  turns,  carrying 
an  alternating  current.  The  device,  in 
point  of  fact,  acts  as  the  closed-circuit 
secondary  of  a  step-down  transformer, 
and  is  said  to  be  admirably  adapted  for 
the  fusing  of  such  metals  as  platinum, 
which,  if  exposed  to  the  atmosphere 
during  the  process,  as  in  the  ordinary 
type  of  furnace,  occlude  oxygen  and 
other  gases  in  their  mass,  which  lead 
subsequently  to  blow-holes  and  other 
imperfections  in  the  casting. 

The  experience  of  late  years  in  the 
construction  and  use  of  electric  fur- 
naces trends  toward  the  establishment 
of  the  resistance  furnace  as  a  type  more 
readily  capable  of  efficient  regulation. 
This  is  further  accentuated  dv  the  fact 
that  overheating  is,  to  a  considerable 
extent,  possible,  and  indeed  prevalent, 
in  many  types  of  furnace,  especially 
tnose  of  the  arc  variety.  Scientists 
and  others,  unversed  in  the  possibili- 
ties of  the  electric  furnace  as  a  source 
of  artificial  heat,  hailed  its  introduc- 
tion with  delight  as  a  means  of  over- 
coming many  of  the  difficulties  previ- 
ously imposed  by  the  limitations  of 
temperature.  In  so  doing,  they  in 
many  cases  overlooked  the  very  simple 
fact  that  it  is  possible  to  have  too  much 
of  a  good  thing,  and  the  consequent 
tendency  was  to  overrate  rather  than 
underrate  the  temperature  required 
for  various  commercial  processes. 

Experience,  however,  has  exposed 
this  fallacy,  and,  as  a  natural  result, 
we  turn  to  that  type  of  furnace  which 
offers  the  best  means  of  regulation 
and  the  absence  of  excessive  variation, 
viz.,  the  resislance  furnace.  Here 
again  we  are  beset  with  further  difficul- 
ties, for,  if  we  employ  a  portion  of  the 
charge  itself  as  a  high-resistance  col- 
umn, excessive  variations  creep  in, 
owing  to'  the  changeable  nature  of  the 
column  with  the  reactions  taking  place 
within  it,  whereas,  if  we  employ  a  defi- 
nite core  of  small  cross-section,  as  in 
the  Borchers  class,  the  capacity  of  the 
furnace  is  limited,  and  the  cost  of  its 
upkeep  is  increased  by  the  very  neces- 
sary and  frequent  renewal  of  the  con- 
ducting-rods. 

With  a  view  to  minimizing  these 
various  drawbacks,  Mr.  H.  I.  Ir- 
vine, of  Niagara  Falls,  has  brought 
out  a  resistance  furnace  in  which  the 
heated  column  consists  of  a  fused 
electrolyte,  maintained  in  a  state  of 
fusion  by  the  passage  of  the  current, 
and  communicating  its  heat  by  radia- 
tion and  diffusion,  to  the  encircling 
charge,  which  is  packed  around  it. 

The    general    construction    of    this 


furnace,  which  was  mainly  designed 
for  the  manufacture  of  phosphorus,  is 
represented  in  Fig.  16.  It  consists  of  a 
refractory  structure  F  lined  with  car- 
bon C  and  fitted  with  a  domed  roof  R, 
in  the  centre  of  which  is  a  hopper  H. 
Two  vertical  carbon  electrodes  B  B 
descend  vertically  through  R  to  within 
a  short  distance  of  the  hearth,  while  a 
possible  variation  in  the  direction  of 
the  heating  effect  is  provided  by  lateral 
electrodes  b  b  connected  with  the 
hearth  itself.  The  action  of  the  fur- 
nace is  first  started  through  a  mass  of 
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coke  K,  which  forms  a  bridge  between 
the  electrodes  B  B,  and  is  subsequently 
maintained  by  the  fused  slag  from  the 
furnace  charge,  which  flows  down  be- 
tween the  electrodes  and  is  maintained 
at  constant  level  by  the  overflow  out- 
lets 0  0. 

As  pointed  out  by  Mr.  Carl  Hering, 
the  firebrick  or  other  refractory  lining 
of  all  furnaces,  when  heated,  becomes 
a  conductor,  after  the  manner  of  a 
Nernst  lamp  glower.  Though  una- 
voidable, this  is  a  contingency  which, 
with  furnaces  of  the  resistance  type, 
at  least,  must  be  taken  into  account, 
in  that  it  increases  the  total  conduc- 
tivity of  the  device  and  necessitates  a 
corresponding  increase  in  the  working 
current.  He  further  points  out  that 
the  heat  thus  communicated  is  not 
lost,  except  in  a  small  degree,  conse- 
quent upon  the  decrease  in  the  thick- 
ness of  the  non-conducting  walls  and 
the  diminution  of  their  heat  conserv- 
ine  qualities. 

Equally  important  with  the  selec- 
tion of  an  easily  regulated  and  com- 
mrativelv  invariable  electric  furnace 
ranks  the  question  of  temperature  de- 
termination. At  the  enormous  tem- 
peratures developed  in  the  electric  fur- 
nace all  previously  known  methods  of 
temperature  measurement,  whether  by 
thermometer  or  pyrometer,  desert  us, 
in  that  the  constituent  parts  of  these 
various  apparatuses  will  not  stand  the 
direct  application  of  such  terrific  heat. 
Here,  again  stern  necessity  has  been 
the  means  of  inspiring  investigators  to 
action,  with  a  view  to  discovering 
some  efficient  method  for  the  measure- 


302 


THE      ELECTRICAL      AGE 


May,  1904 


nient    or    comparison    of    these    high 
temperatures. 

Fery's  suggested  method  for  deter- 
mining the  high  temperatures  usually 
encountered  in  electric  furnaces  con- 
sists in  a  practical  application  of  Ste- 
fan's law,  which  is  to  the  effect  that 
the  radiation  of  an  absolutely  black 
body  is  proportional  to  the  fourth 
power  of  its  absolute  temperature. 
Kirchoff  has  proved  that  the  interior 
of  an  enclosure  of  which  the  walls 
are  at  a  uniform  temperature  is  equi- 
valent to  an  "absolutely  black  body," 
i.  e.,  a  body  which  absorbs  all  the  heat 
imparted  to  it,  giving  it  out  again  by 
radiation,  and  not  by  reflection.  In 
this  connection,  therefore,  the  interior 
wall  of  an  electric  or  other  enclosed 
furnace  may  be  regarded  as  an  abso- 
lutely black  body,  a  small  aperture  in 
which  does  not  materially  affect  the 
conditions  governing  this  definition. 

Fery's  practical  application  of  this 
law  to  the  measurement  of  furnace 
temperatures  consists  in  a  species  of 
telescope,  with  a  fluorspar  objective; 
this  telescope  is  placed  in  line  with  the 
aperture  in  the  furnace  wall,  and,  re- 
ceiving the  heat  radiated  therefrom, 
concentrates  it  upon  a  small  thermo- 
couple. By  an  inner  diaphragm,  reg- 
ulating the  number  of  rays  which 
reach  "the  thermo-couple,  the  device  is 
rendered  independent  of  its  distance 
from  the  furnace  wall.  The  fluorspar 
objective,  by  its  absorption  of  radiant 
heat,  reduces  the  sensitiveness  of  the 
arrangement  by  about  10  per  cent.; 
but,  notwithstanding  this,  it  has  proved 
of  extreme  utility,  owing  to  its  enor- 
mous range,  and  its  applicability  in 
such  cases  as  those  with  which  we  are 
dealing  at  the  present  moment,  where 
other  generally  accepted  methods  are 
out  of  the  question.  The  actual  tem- 
perature is,  of  course,  obtained  from 
a  specially  prepared  table  or  curve  and 
is  read  from  the  electro-motive  force 
recorded  by  the  thermo-couple. 

Another,  somewhat  crude,  method 
of  measuring  furnace  temperatures, 
into  which  the  personal  element  is  lia- 
ble to  enter,  causing  an  error  of  judg- 
ment, consists  in  a  telescope,  as  before, 
mounted  on  a  convenient  stand,  and 
placed  in  line  with  a  small  aperture  in 
the  furnace  wall.  Inside  the  tube  of 
the  telescope  is  located  a  small  incan- 
descent lamp,  which  can  be  energized 
by  one  or  two  battery  cells,  and  the 
current  through  it,  and  an  ammeter 
placed  in  series  with  it,  regulated  by  a 
suitable  switch  and  rheostat.  The 
principle  upon  which  its  action  de- 
pends is  that  which  involves  the  ap- 
parent disappearance  of  the  filament, 
when  raised  to  the  same  degree  of  in- 
candescence as  the  furnace  lining  and 
viewed  against  the  latter  as  a  back- 
ground.    If  the  lamp  be  inactive,  the 


filament  appears  as  a  black  line ;  at 
equal  incandescence  it  becomes  invisi- 
ble, while  if  its  state  of  incandescence 
be  above  that  of  the  furnace,  it  as- 
sumes the  appearance  of  a  white  line. 
By  regulating,  therefore,  the  current 
through  the  lamp  until  the  filament 
apparently  disappears,  its  temperature 
is  made  equivalent  to  that  of  the  fur- 
nace, and  the  result  is  read  on  a  spe- 
cially prepared  table.  The  limit  of 
the  apparatus  is  3600  degrees  Fahren- 
heit, so  that  for  electric  furnace  work 
its  field  of  utility  is  somewhat  limited. 

In  the  preceding  paragraphs  the 
writer  has  by  no  means  covered  the 
entire  field  of  development  of  the  elec- 
tric furnace,  but  has  confined  himself 
to  a  brief  description  of  those  examples 
which  serve  as  a  general  type  of  the 
class  to  which  they  respectively  be- 
long. The  subject  is  a  large  one,  and 
its  comprehensive  study  would  fill  a 
volume  of  no  mean  dimensions,  while 
its  importance,  from  a  chemical  and 
metallurgical  point  of  view,  must  not 
be  underrated. 

At  the  end  of  the  year  1900  the 
power  used  in  electric  furnaces  was 
estimated  at  225,000  H.  P.,  of  which 
185,000  H.  P.  were  employed  in  the 
manufacture  of  calcium  carbide,  27,- 
000  H.  P.  in  the  manufacture  of  alum- 
inium, 11,000  H.  P.  in  that  of  copper, 
while  carborundum  was  responsible 
for  the  output  of  some  2000  H.  P. 
Any  gain,  therefore,  in  the  construc- 
tion or  working  of  electric  furnaces, 
however  slight,  or  apparently  worth- 
less, provides  food  for  serious  reflec- 
tion, in  that  it  may  be  the  means  of 
saving  large  sums  of  money  annually. 


cations  daily.  The  number  between 
Berlin  and  Cologne  is  243;  Berlin  and 
Vienna,  118;  Berlin  and  Diisseldorf, 
116.  In  spite  of  the  high  fee  not  less 
than  sixty-five  communications  daily 
take  place  between  Berlin  and  Paris. 


The    German    Federa.1    Telephone 
System 

UNITED  STATES  Consul-Gen- 
eral  Richard  Guenther,at  Frank- 
fort, Germany,  reports  that  the 
total  cost  of  the  German  federal  tele- 
phone system,  operated  in  connection 
with  the  German  federal  telegraph 
system,  is  $60,000,000  up  to  date.  The 
kingdoms  of  Bavaria  and  Wurtem- 
burg  are  not  included,  these  having 
their  own  independent  telephone  sys- 
tems. 

The  longest  telephone  connection  in 
Germany  is  the  one  between  Berlin 
and  Paris,  742  miles.  Next  is  Berlin 
and  Budapest,  612  miles;  Berlin  and 
Memel,  593  miles;  Berlin  and  Basel, 
577  miles.  The  following  connections 
are  all  more  than  300  miles  long:  Ber- 
lin with  Dortmund,  Diisseldorf,  Es- 
sen, Frankfort,  Gleiwitz,  Cologne, 
Konigsberg,  Munich  and  Vienna; 
Hamburg  with  Copenhagen ;  Frank- 
fort with  Paris  and  Hamburg. 

The  line  between  Berlin  and  Frank- 
fort is  the  most  used — 485  communi- 


Wireless  Telegraphy  in  Africa. 

SPACE  telegraphy  is  said  to  be 
proving  of  value  to  the  German 
authorities  in  Southwest  Africa. 
At  the  beginning  of  the  insurrection 
of  the  natives,  the  military  telegraph 
lines,  which  were  the  only  means  of 
connection  between  the  field  and 
headquarters,  were  continually  being 
cut  down  and  destroyed.  During  the 
last  few  months,  however,  every  de- 
tachment of  troops  in  the  field  has 
been  provided  with  wireless  instru- 
ments, it  is  said,  and  has  been  in  con- 
stant communication  with  the  com- 
mander-in-chief. Because  of  this  suc- 
cess the  German  War  Department  is 
reported  to  have  decided  to  establish 
a  new  army  branch  of  expert  space- 
telegraph  operators  under  the  com- 
mand of  a  high  officer  of  the  general 
staff. 


Electric   R_a.ilways  in  New  Jersey 

THE  State  Board  of  Assessors  of 
New  Jersey  has  issued  a  sup- 
plemental report  which  shows 
that  there  are  seventy  electric  railway 
lines  in  the  State.  Their  gross  re- 
ceipts last  year  amounted  to  $9,574,- 
552;  expenditures,  $5,881,046;  divi- 
dends paid,  $630,150.  These  figures 
compare  with  the  previous  year  as 
follows: — Gross  receipts,  increase, 
$680,298;  expenditures,  increase, 
$789,755 ;  dividends,  increase,  $89,- 
510.  The  total  mileage  of  the  lines  is 
980.56  miles;  capital  stock,  $85,061,- 
880;  bonded  debt,  $67,747,000;  other 
debts,  $7,362,968.  The  estimated 
cost  of  roads  and  equipment  is  $160,- 
344J76. 


The  danger  from  electricity,  par- 
ticularly for  firemen  in  directing  a 
stream  of  water  upon  an  object  car- 
rying electric  current,  was  the  subject 
of  an  article  in  a  recent  issue  of  "En- 
ergie,"  of  Berlin,  recording  the  re- 
sults of  a  number  of  tests.  A  man 
wearing  wet  shoes  and  standing  on 
a  wet  plank  flooring  threw  a  jet  of 
water  on  an  electrified  plate.  At  500 
volts  and  an  aperture  of  0.74  inch  in 
the  nozzle  he  felt  the  current  at  a  dis- 
tance of  2.Ya  feet,  and  with  an  aper- 
ture of  about  2  inches  could  not  get 
nearer  than  about  3>4  feet.  Under 
the  same  conditions,  but  with  alter- 
nating current,  he  could  not  stay  with- 
in 8.2  feet,  and  at  3,600  volts  he  had 
to  remain  at  a  distance  of  26^  feet. 


Reverse   Current   Circuit   Breakers 


By  WILLIAM    M.  SCOTT 


A  "REVERSE  current"  circuit 
breaker,  or,  as  it  is  sometimes 
very  aptly  called,  a  "discrim- 
inating cut-out,"  is  a  circuit  breaker 
which  automatically  severs  the  cir- 
cuit in  the  event  of  the  flow  of  cur- 
rent being  abnormal  in  direction, 
and  which,  unless  interrupted,  would 
result  in  misapplication  of  energy. 
The  reverse  current  circuit  breaker 
most  perfectly  adapted  to  the  re- 
quirements of  engineering  practice 
is  one  which  is  dependent  for  its  ope- 
ration solely  upon  the  occurrence  of 
reverse  current  flow.  It  is  desirable 
also  that  loss  of  voltage  shall  not 
cause  the  operating  of  the  reverse  cur- 
rent circuit  breaker,  and  it  should  be 
so  constructed  that  it  can  be  closed 
upon  open  circuit. 

In  order  to  meet  the  varying  con- 
ditions which  may  arise  in  the  use  of 
the  circuit  breaker,  the  volume  of  re- 
verse current  necessary  for  its  actua- 
tion should  be  subject  to  convenient 
adjustment.  The  operation  of  the 
circuit  breaker  should  be  independent 
of  voltage  variations  throughout  the 
normal  working  range,  and  should  be 
positive  at  all  voltages  to  which  it  is 
liable.  The  force  tending  to  cause  the 
opening  of  the  circuit  breaker  upon 
reversal  should  increase  with  the  vol- 
ume of  the  reverse  current.  In  these 
last  respects,  particularly,  many  of  the 
reverse  current  devices  on  the  market 
are  conspicuously  defective.  Consid- 
ering, as  an  instance,  those  which  de- 
pend for  their  opening  force  upon  a 
tripping  coil  which,  when  brought 
into  circuit  by  means  of  a  polarized 
relay  actuated  by  a  reversal  of  the  cur- 
rent, is  energized  by  the  voltage  of 
the  system,  it  will  be  seen  that  where 
the  reversal  reaches  the  magnitude  of 
a  short-circuit,  the  voltage  of  the  sys- 
tem may  be  reduced  to  but  a  fraction 
of  its  normal  value,  and  the  tripping 
coil  may,  as  a  result,  be  insufficiently 
energized  to  effect  the  opening  of  the 
circuit  breaker.  Where,  in  order  to 
avoid  this  very  evident  cause  of  fail- 
ure, the  tripping  coil  is  connected  in 
an  independent  circuit,  new  compli- 
cations are  introduced  without  corres- 
ponding advantage. 

Obviously  the  operation  of  any 
safety  device  should  depend  entirely 
upon  the  conditions  prevailing  in  the 
circuit  to  be  protected,  and  its  effec- 


tiveness should  not  be  determined  or 
limited  by  the  condition  of  some  in- 
dependent circuit  or  appliance,  the 
failure  or  disconnection  of  which  may 
render  the  safety  device  inoperative  at 
the  critical  moment.  The  following 
is  a  description  of  a  circuit  breaker,  in 
the  operation  of  which  all  of  the  fore- 
going requirements  are  fully  met: — 
In  Fig.  i  it  will  be  seen  that  the 
reversal  feature  of  this  circuit  breaker 
is  secured  by  the  co-operation  of  two 
electro-magnet  systems;  one  consists 
of  a  pivoted  core  and  pole  pieces  de- 
pending for  excitation  upon  a  coil 
connected  in  the  main  circuit;  the 
second  consists  of  two  independent 
cores,  parallel  with  the  first  and  ex- 
cited in  sympathy  with  each  other 
by  two  magnetizing  coils  which  are 
subject  to  the  full  voltage  of  the  cir- 
cuit. The  pole  pieces  of  the  series 
magnet  normally  stand  just  midway 
between  the  polar  extensions  of  the 
cores  of  the  shunt-wound  system.     In 


the  exciting  coils  of  these  two  sys- 
tems are  so  related  that  during  the 
flow  of  current  in  the  direct  sense  the 
movable  pole  pieces  are  held  in  their 
medial  position   by  the   attraction   of 


\ 


FIG.    I. AN   OVERLOAD   AND   REVERSE   CURRENT    CIRCUIT   BREAKER,    MADE   BY   THE   CUTTER 

COMPANY,    PHILADELPHIA 


this  position  they  are  supported  from 
below  by  suitable  stops.  They  are 
free,  however,  to  move  upward  into 
engagements  with  the  upper  core, 
and  in  so  doing  cause  the  release  of 
the  latch  restraining  the  switch. 
The  windings    and    connections  of 


the  lower  core  acting  in  addition  to 
the  effect  of  gravity,  while  upon  a  re- 
verse current  flow  the  pole  pieces  are 
drawn  upward  in  opposition  to  gravi- 
tation into  engagement  with  the  up- 
per core,  these  opposite  reactions  be- 
ing due  to  the  fact  that  the  magnetism 
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induced  by  the  shunt  coils  is  not  sub- 
ject to  change  in  direction  upon  a  re- 
versal in  the  main  circuit.  Upon  di- 
rect current  flow,  therefore,  the  series 
magnetism  compounds  with  that  of 
the  lower  shunt  magnet,  while  upon 
reverse  flow  it  compounds  with  that 
of  the  upper  one. 


FIG.  2. — CONNECTIONS  OF  CIRCUIT  BREAKER 
FOR  PROTECTING  GENERATOR  OPERATING  IN 
MULTIPLE 

It  will  thus  be  seen  that  the  opera- 
tion of  the  circuit  breaker  is  depend- 
ent upon  the  co-operation  of  voltage 
and  current.  Although  on  account  of 
the  location  of  the  movable  pole 
pieces  midway  between  the  shunt  ex- 
cited cores,  the  voltage  alone  will  not 
cause  the  operation  of  the  circuit 
breaker,  nevertheless,  at  and  consid- 
erably below  normal  voltage,  the 
shunt  excitation  provides  quite  suf- 
ficient power  for  this  purpose,  when 
made  effective  by  placing  the  mova- 
ble pole  pieces  above  their  neutral  po- 
sition ;  but  upon  reversal,  the  magne- 
tism due  to  the  flow  of  reverse  cur- 
rent supplements  that  of  the  shunt 
excited  core  toward  which  the  mova- 
ble pole  pieces  are  attracted.  The  ef- 
fect of  this  in  insuring  positiveness  in 
the  operation  of  the  circuit  breaker 
may  be  best  understood  by  an  inspec- 
tion of  Fig.  3,  illustrating  the  per- 
formance of  a  6oo-ampere  circuit 
breaker  of  this  type,  designed  for  the 
protection  of  a  500-volt  generator 
operating  in  multiple  with  others  sim- 
ilarly protected. 


The  ordinates  of  these  curves  cor- 
respond with  the  various  voltages 
upon  which  the  circuit  breaker  is 
tested;  the  abscissas,  with  the  corres- 
ponding reverse  currents  required  for 
the  operation  of  the  circuit  breaker 
and  consequent  opening  of  the  circuit. 
The  three  curves  coincide  respectively 
with  8,  20  and  75  amperes 
adjustments, which  are  cor- 
rect at  500  volts  pressure. 
It  will  be  noticed  that  for 
variations  of  100  volts 
either  way  from  normal 
the  performance  of  the 
instrument  corresponds 
closely  with  the  calibra- 
tions, and  that  as  the  volt- 
age of  the  circuit  falls  the 
value  of  reverse  current 
necessary  for  the  opera- 
tion of  the  instrument  con- 
tinues to  increase;  but 
within  the  limits  of  the 
test,  which  was  carried 
down  to  30  volts,  the  op- 
eration of  the  instrument 
was  uniformly  reliable  and 
positive.  When  at  any 
voltage  the  reverse  current 
had  reached  such  a  value 
as  to  cause  the  initial  motion  of  the 
movable  magnetic  system  away  from 
its  neutral  position  ample  energy  was 
supplied  for  the  tripping  of  the  circuit 
breaker. 

The  circuit  breakers  here  described 
are  provided  with  a  convenient  ad- 
justment determining  the  value  of  the 
current  upon  which  they  will  operate. 
This  adjustment  is  obtained  by  the 
movement  of  a  counter-balance  along 


The  principles  of  these  circuit 
breakers  are  such  as  lend  themselves 
with  suitable  modifications  to  designs 
for  alternating  -  current  service. 
Where  alternating-current  work  is 
considered  instead  of  direct,  the 
necessarily  high  inductance  of  the 
shunt  coils  of  the  reversal  feature  in- 
troduces an  entirely  new  and  highly 
important  factor.  By  means,  how- 
ever, of  designs  which  have  been  the 
result  of  much  careful  research  and 
experiment,  this  and  other  difficulties 
have  been  overcome,  and  the  engineer 
now  has  at  his  disposal  for  alternat- 
ing-current service,  as  well  as  for  di- 
rect, a  reverse  current  circuit  breaker 
which  will  fully  meet  the  most  exact- 
ing  requirements. 

The  design  of  the  alternating  re- 
verse current  feature  is  such  that  on 
a  circuit  of  ordinary  power  factor,  the 
magnetism  due  to  the  shunt  coils  dur- 
ing normal  conditions  is  approximately 
in  phase  with  that  due  to  the  line  cur- 
rent. The  reactions  between  the  two 
magnetic  systems  of  the  reversal  feat- 
ure are  determined  not  only  by  the 
magnitude  of  the  current,  but  by  its 
phase  relation  to  the  E.  M.  F.  The 
reverse  current  may  be  considered  as 
made  up  of  two  components,  one 
in  phase  with  the  E.  M.  F.,  represent- 
ing the  reverse  energy  flow,  and  a 
second  lagging  90  degrees  behind  the 
E.  M.  F.,  representing  a  wattless 
flow.  The  construction  of  the  rever- 
sal feature  is  such  that  it  responds 
only  to  the  first  named  component, 
the  wattless  currents  having  no  appre- 
ciable effect  on  its  operation.  For 
this      reason      the      calibrations      are 
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CIRCUIT    BREAKER 


a  calibration  plate,  the  scale  being 
long  and  easily  read.  The  normal 
range  of  adjustment  is  from  5  per 
cent,  of  the  normal  capacity  of 
the  circuit  breaker  to  25  per  cent., 
but  any  other  specifications  can  be 
met. 


marked  in  units  of  power,  not  in  units 
of  current,  and  indicate,  therefore,  the 
energy  reversal  which  will  cause  the 
opening  of  the  circuit  breaker.  It  will 
be  seen  that  these  indications  can  be 
checked  by  ammeter  readings  only 
when  the  phase  of  the  current  and  the 
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voltage  of  the  system  are  also  taken 
into  consideration. 

THE    PROTECTION    OF    GENERATORS 

So  long  as  generators  are  operated 
singly,  their  protection  is  fully  in- 
sured by  the  use  of  simple  overload 
circuit  breakers.  When,  however, 
generators  are  operated  in  multiple, 
new  conditions  are  introduced  which 
require  protective  appliances  having 
features  not  found  in  the  simple 
overload  circuit  breakers.  Where 
generators  are  run  in  this  manner, 
in  case  of  accident  to  one  of  them  or 
to  its  prime  mover,  not  only  will  this 
unit  cease  to  deliver  its  quotum  of 
current  to  the  external  circuit,  but  the 
other  units  in  parallel  with  the  dam- 
aged one  will  begin  to  force  current 
into  it.  The  normal  generators  will, 
therefore,  supply  not  only  an  undue 
share  of  the  effective  load,  but  also 
additional  current  delivered  to  the 
crippled' unit,  resulting  in  unnecessary 
overloading  of  the  normal  generators 
and  a  possibility  of  injury  to  the  crip- 
pled one. 

The  use  of  simple  "overload"  cir- 
cuit breakers,  would,  in  such  a  con- 


FIG.    4. — A    STORAGE    BATTERY    PANEL 

tingency,  result  in  cutting  out  the  dis- 
affected generators  as  well  as  the 
crippled  one,  with  the  result  that,  mo- 
mentarily at  least,  the  service  would 
be  interfered  with.  It  is  evident  that 
the  protective  device  for  the  generat- 
ors should  be  of  such  a  character  that 
the  crippled  unit  shall  be  automati- 
5-6 


cally  disconnected  before  it  shall  have 
taxed  the  others.  Thus  the  load  will 
at  once  devolve  upon  the  normal  units 
without  even  a  momentary  interrup- 
tion of  the  current  supply.  The  de- 
vice here  described  adequately  meets 
these  requirements.  Where  each 
generator  of  the  system  is  protected 
with  it,  crippled  units  will  be  immedi- 
ately disconnected. 

The  protection  afforded  by  these 
circuit  breakers  is  of  especial  value  in 
power  plants,  the  demands  upon 
which  are  such  that  reserve  units 
must  frequently  be  thrown  into  ser- 
vice. Such  a  requirement  is  often  of 
the  nature  of  an  emergency,  and  it  is 
of  the  utmost  importance,  therefore, 
that  the  necessary  connections  shall  be 
made  promptly.  If,  however,  the  en- 
gineer connects  the  reserve  unit  to 
the  bus-bars  an  instant  too  soon,  in 
the  absence  of  proper  protective  de- 
vices, the  current  reverses  into  it  and 
thus  adds  to  the  load  upon  the  other 
generators.  Where  each  generator  is 
protected  with  a  reverse  circuit  break- 
er of  the  kind  here  described  no  unit 
can  be  effectively  thrown  into  paral- 
lel with  the  others  until  it  is  up  to  the 
voltage.  The  use  of  this  type  of  cir- 
cuit breaker  gives  the  engineer  con- 
fidence, saves  delay  and  affords  the 
generator  complete  protection. 

The  circuit  breakers  have  also  an 
incidental  value,  in  that  they  serve  to 
automatically  disconnect  each  gener- 
ator as  its  prime  mover  is  slowed 
down  when  the  generator  is  being 
taken  out  of  service,  as  the  instant  the 
slowing-down  results  in  a  drop  in 
voltage  of  the  generator  a  reversal 
takes  place  which  opens  the  circuit 
breaker. 

The  method  of  connecting  the  cir- 
cuit breakers  for  the  protection  of 
generators  operating  in  multiple  is 
shown  in  Fig.  2.  The  two  poles  of 
the  circuit  breaker  are  introduced  in 
the  usual  manner  into  the  circuits  of 
the  generator  leads;  the  shunt  coil  is 
then  connected  so  as  to  receive  full 
line  pressure.  One  terminal  of  the 
coil  is  to  be  attached  to  the  small 
spring  contact  :  located  back  of  the 
left-hand  switch  member  of  the  cir- 
cuit breaker;  the  other  terminal  must 
connect  with  the  bus-bar  of  opposite 
polarity.  The  actual  passage  of  cur- 
rent from  the  generator  is  perhaps  the 
best  method  of  ascertaining  whether 
the  shunt  coil  has  been  connected  so 
as  to  make  the  circuit  breaker  opera- 
tive upon  reversal.  If,  upon  trial,  the 
reversal  feature  responds  to  current 
flowing  in  the  direct  sense,  the  con- 
nections of  the  shunt  coil  should  be 
reversed. 

Alternating-current  generators  op- 
erating in  parallel  are  subject  no  less 
than  are  direct-current  generators  to 


reversals  of  current.  Some  idea  of 
the  correctness  of  this  statement  may 
be  gathered  by  an  inspection  of  the 
ammeters  on  the  switchboard  in  any 
alternating-current  plant.  Obviously, 
the  total  current  delivered  to  the  bus- 
bars by  a  number  of  generators  in 
multiple  should  closely  approximate 
the  total  current  delivered  from  the 
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FIG.    5. — ANOTHER   FORM   OF    STORAGE   BATTERY 
PANEL 


bus-bars  to  the  external  circuit  The 
excess  of  the  former  as  compared  with 
the  latter  is  a  measure  of  the  current 
passing  between  generators  and  thus 
diverted  from  the  external  circuit. 

To  many  engineers  in  charge  of  al- 
ternating-current plants,  the  opera- 
tions of  the  alternating-current  are 
filled  with  mystery,  and  they  are, 
therefore,  inclined  to  accept  the  guar- 
antee of  manufacturers  of  the  generat- 
ing apparatus  of  which  they  are  in 
charge,  rather  than  to  reckon  with  the 
obvious  facts  of  the  case.  The  protec- 
tion of  alternating-current  generators 
with  the  here  discussed  reverse  circuit 
breakers  places  a  check  upon  the 
operation  of  these  generators  and  will 
enable  the  engineer,  by  suitable  ad- 
justments of  generators  and  prime 
movers,  to  get  the  best  possible  per- 
formance from  them,  or  to  locate  such 
apparatus  as  is  hopelessly  at  fault  in 
this  respect. 

THE      PROTECTION      OF      ROTARY      CON- 
VERTERS 

The  operation  of  rotary  converters 
in  parallel  is  analogous  to  that  of 
other  generating  apparatus,  and  cor- 
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responding  conditions  may  readily 
arise,  causing  one  or  more  rotaries  so 
connected  to  operate  in  the  reverse 
sense;  that  is,  taking  current  from  the 
direct-current  side  and  delivering 
power  to  the  alternating-current 
mains.  Where  the  rotaries  are  pro- 
tected by  proper  reverse  circuit 
breakers,  such  tendencies  are  arrested 
in  their  incipient  stages.  The  reversal 
feature  of  the  circuit  breaker  may 
most  conveniently  be  installed  in  the 
direct-current  side,  the  switches  of  the 
breaker  controlling  either  the  direct 
or  alternating-current  side,  or  both, 
as  the  requirements  of  the  installation 
may  demand. 

Where  rotaries  are  started  from  the 
direct-current  system,  the  reverse  cur- 
rent breaker,  in  order  to  conveniently 
permit  the  passage  of  the  starting  cur- 
rent, may  be  made  inoperative  during 
the  starting  period  by  opening  the  cir- 
cuit of  the  shunt  coils  of  the  reversal 
feature.     This  is  most  readily  accom- 
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in  the  absence  of  suitable  protective 
devices  properly  disposed,  a  short- 
circuit  upon  one  set  of  feeders  will  be 
fed  not  only  through  the  portion  of 
the  feeder  located  between  the  short- 
circuit  and  the  source  of  supply,  but 
also  by  means  of  the  portion  of  the 
damaged  feeder  beyond  the  short- 
circuit,  with  current  flowing  in  the 
reverse  sense  from  the  receiving  sta- 
tion. Overload  circuit  breakers  at 
both  generating  and  receiving  ends 
of  the  cables  form  a  means  of  isolat- 
ing the  damaged  lines.  Their  use 
alone,  however,  is  liable  to  cause  mo- 
mentary interruption  of  service  in  the 
uninjured  cables,  which  will  be  re- 
peated until  the  damaged  line  is  finally 
located  and  put  out  of  service.  Cir- 
cuit breakers  having  reverse  current 
operation,  located  at  the  receiving 
end  of  the  transmission  lines,  will  au- 
tomatically sever  the  damaged  cables 
at  this  end  and  prevent  the  receiving 
station    from    feeding    back    into  the 
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plished  by  means  of  a  small  switch  in 
the  shunt  coil  circuit,  interlocked  with 
the  line  switch  of  the  rotary  on  the  al- 
ternating-current side,  so  that  the 
shunt  coils  will  receive  current  only 
when  the  rotary  is  connected  with  the 
alternating-current  mains. 

THE   PROTECTION   OF   TRANSMISSION 
LINE    IN    MULTIPLE 

Where  power  is  delivered  to  a  sin- 
gle receiving  point  by  more  than  one 
system  of  feeders,  it  will  be  seen  that 


short-circuit,  this  being  attained  with- 
out even  momentary  interruption  of 
the  service.  These  considerations 
have  equal  importance  in  both  direct- 
current  and  alternating-current  prac- 
tice, with  perhaps  a  wider  scope  of 
application  in  the  latter  field.  In 
combination  with  overload  circuit 
breakers  at  the  generating  end  of  the 
feeders  reverse  circuit  breakers  at  the 
receiving  end  should  give  adequate 
protection  under  all  conditions  of  ser- 
vice which  are  likely  to  arise. 


THE  PROTECTION  OF  STORAGE  BAT- 
TERIES AND  SYSTEMS  OF  WHICH 
STORAGE    BATTERIES    FORM  A    PART 

The  wide  application  of  storage 
batteries  in  connection  with  electrical 
installations  of  various  types  renders 
desirable  a  knowledge  of  the  forms  of 
protective  apparatus  best  suited  to  the 
requirements  of  this  class  of  service. 
The  manner  in  which  the  storage  bat- 
tery is  handled  plays  a  very  important 
part,  both  in  determining  the  length 
of  its  life  and  its  efficiency.  Where 
batteries  are  charged  at  too  high  a 
rate,  the  plates  are  subject  to  sulphat- 
ing  and  other  forms  of  injury,  from 
which  the  battery  is  slow  to  recover. 
Discharge  of  the  battery  under  abnor- 
mal conditions  is  also  likely  to  cause 
serious  damage.  Where  storage  bat- 
teries are  constantly  under  the  eye  of 
skilled  attendants,  guided  by  suitable 
indicating  instruments,  these  dangers 
are  perhaps  somewhat  reduced. 
They  may  in  all  cases  be  minimized 
and  in  most  cases  entirely  eliminated 
by  the  installation  of  suitable  protec- 
tive devices. 

Considering  first  the  protection  of 
automobile  storage  batteries,  these 
are  quite  frequently  charged  from  a 
generating  plant  devoted  exclusively 
to  this  purpose.  Among  the  contin- 
gencies likely  to  arise,  are  connecting 
the  battery  into  circuit  incorrectly,  so 
that  its  electro-motive  force  shall  be 
cumulative  with  that  of  the  generat- 
ors, thus  subjecting  the  batteries  to 
an  abnormally  high  discharge  rate; 
or  where  the  battery  is  properly  con- 
nected, it  may  be  subjected  to  a 
charging  current  in  excess  of  its  safe 
limit.  Disastrous  results  from  such 
causes  may  be  entirely  prevented  by 
the  use  of  overload  circuit  breakers. 

During  the  period  of  charging, 
should  the  charging  generator  lose  its 
field,  or  for  any  other  reason  drop  its 
voltage,  the  storage  battery  will  tend 
to  reverse  into  it  and  operate  it  as  a 
motor,  and  this  without  such  indica- 
tion of  abnormal  conditions  as  would 
attract  the  eye  of  the  attendant.  The 
battery  would  thus,  to  all  appear- 
ances, be  charging,  while  in  point  of 
fact  it  would  be  undergoing  dis- 
charge, resulting  not  only  in  undue 
waste  of  energy,  but  wear  and  tear  on 
the  battery  and  loss  of  time  as  well. 
A  somewhat  similar  condition  is 
likely  to  arise  where  the  battery  is 
charged  from  a  generator  engaged  in 
supplying  current  to  an  external  cir- 
cuit. Under  these  conditions,  the 
causes  of  reversal  of  the  battery  into 
the  generator  would  be  the  same  as 
those  already  cited,  and  in  addition 
thereto,  should  the  generator  for  any 
reason  be  cut  out  of  service,  the  bat- 
tery would  take  up  the  load  on  the  ex- 
ternal circuit,  and  thus  again  the  at- 
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tendant  might  readily  be  misled  as  to 
the  real  condition  of  affairs.  Par- 
ticularly would  this  be  the  case  if  the 
o-enerator  were  remote  from  that 
point  in  the  circuit  to  which  the  stor- 
age battery  was  connected.  A  reverse 
circuit  breaker  in  the  circuit  of  the 
storage  battery  would  serve  automati- 
cally to  disconnect  the  battery  coin- 
cident with  the  first  flow  of  current 
from  it  into  the  external  circuit. 

Sometimes,  in  automobile  charging 
stations,  a  number  of  batteries  may 
be  left  in  connection  with  the  same 
charging  mains  at  a  time  when  the 
generators  are  disconnected.  Where 
this  occurs,  the  stronger  or  more 
highly  charged  batteries  will  dis- 
charge themselves  into  those  more 
nearly  exhausted,  and  should  any  one 
of  the  batteries  be  short-circuited,  this 
would  result  in  injury  to  all  of  the 
others.  This  contingency  also  may 
be  guarded  against  by  the  installation 
of  a  reverse  circuit  breaker  in  each 
battery-charging  circuit  as  shown  in 
Fig.  4,  which  represents  a  panel  such 
as  may  be  employed  in  charging  a 
battery  from  a  constant  potential  cir- 
cuit, the  current  being  regulated  by 
the  line  rheostat  shown  in  the  lower 
section  of  the  panel. 

Very  frequently  batteries,  particu- 
larly those  of  automobiles,  are 
charged  from  a  motor-generator  es- 
pecially installed  for  that  purpose.  In 
such  instances,  most  frequently  the 
circuit  from  which  the  motor  side  of 
the  charging  set  is  driven  is  in  connec- 
tion also  with  other  apparatus.  If  for 
any  reason  there  should  be  an  inter- 
ruption of  the  motor  circuit,  as  might 
be  occasioned,  for  instance,  by  the 
opening  of  the  circuit  at  the  power 
station,  the  storage  battery,  if  not 
promptly  cut  out,  would  run  the  mo- 
tor-generator in  the  reverse  sense,  the 
motor  end  acting  as  a  generator  and 
supplying  current  to  the  other  appar- 
atus on  the  feeder.  The  installation 
of  a  reverse  circuit  breaker  in  the 
charging  circuit  of  the  storage  bat- 
tery provides  the  only  effective  means 
of  '  protection  against  this  contin- 
gency. 

Conditions  identical  with  these  are 
frequently  met  with  in  telephone 
work.  The  suitability  of  the  reverse 
circuit  breaker  to  this  class  of  service 
is  perhaps  best  instanced  by  the  large 
and  constantly  growing  use  of  this 
piece  of  apparatus  by  the  leading  tele- 
phone companies. 

A  convenient  and  effective  method 
of  installing  the  reverse  circuit 
breaker  for  the  protection  of  systems 
referred  to  is  suggested  in  Fig.  5.  "M" 
is  the  motor  and  "G"  the  generator, 
the  voltage  of  the  latter  being  con- 
trolled by  the  field  rheostat  "R  "  At 
"D"  (frequently  combined  in  a  single 


case)  are  the  voltmeter  and  ammeter, 
the  latter  in  the  battery  circuit,  while 
the  former,  by  means  of  a  two-way 
switch,  may  be  used  to  measure  either 
battery  or  generator  voltage. 

"C"  is  a  three-pole  combined  over- 


of  which  is  included  in  the  motor  cir- 
cuit. 

In  starting  up,  the  motor  circuit  is 
first  closed  through  pole  "1"  of  the 
circuit  breaker;  by  means  of  the  field 
rheostat  "R"  the  voltage  of  the  gen- 
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FIG.  8. FOR  THE  PROTECTION  OF  STORAGE  BATTERY  BOOSTERS 


load  and  reverse  circuit  breaker  with 
independently  operating  arms.  The 
pole  "2"  of  the  circuit  breaker,  which 
includes  the  overload  and  reverse  cur- 
rent operating  coils,  is  located  in  one 
of  the  mains  leading  to  the  storage 
battery,  whose  connection  with  the 
generator  is  completed  through  pole 
"3"  of  the  circuit  breaker,  pole  "1" 


erator  is  equalized  with  that  of  the 
battery,  which  is  then  connected  with 
the  generator  by  closing  the  two  re- 
maining poles  of  the  circuit  breaker, 
after  which  the  voltage  of  the  gener- 
ator is  increased  until  the  proper 
charging  current  flows. 

While  this  plan  is  simple  in  its  ar- 
rangement, it  is  very  effective  in  oper- 
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ation,  and  provides  for  the  immediate 
opening  of  both  motor  and  battery 
circuit  in  the  event  either  of  the  bat- 
tery being  too  rapidly  charged,  or  of 
its  reversing  into  the  generator.  It 
will  be  seen  that  the  construction  of 
the  circuit  breaker  embodied  in  this 
equipment  is  such  that  the  battery 
cannot  be  effectively  brought  into  cir- 
cuit, either  upon  reverse  current  or 
upon  overload  conditions.  Two  in- 
dependent poles  being  included  in  the 
circuit  of  the  battery,  the  instant 
opening  of  the  circuit  is  insured 
should  an  attempt  be  made  to  connect 
the  battery  under  conditions  result- 
ing either  in  an  overload  or  a  reverse 
flow  of  current.  Fig.  6  shows  a  sim- 
ilar panel  employing  a  double-pole 
circuit  breaker  of  which  one  pole  only 
is  connected  in  the  batterv  circuit  and 
one  in  the  motor  circuit. 

Very  frequently  storage  batteries 
are  installed  in  multiple  with  motor- 
driven  generating  units,  acting  under 


FIG.     g. — INTER-CONNECTED     CIRCUIT-BREAKERS 
BOOSTER    SETS 

normal  conditions  as  an  auxiliary 
thereto,  relieving  the  generator  of  the 
peaks  of  the  load  and  carrying  the 
load  entirely  during  interruptions  of 
the  main  source  of  power.  Such  in- 
stallations as  these  are  constantly  in- 
creasing in  use  in  connection  with 
electrically  operated  signals,  where 
interruption  of  the  current  supply 
must  at  all  hazards  be  avoided.  In 
this  case  it  will  be  seen  that  the  cur- 
rent in  the  battery  circuit  may,  under 
normal  conditions,  flow  either  in  the 
charge  or  discharge  direction.  A  re- 
verse current  circuit  breaker  in- 
stalled between  the  battery  and  the 
external  circuit  on  the  one  hand,  and 
the  generating  side  of  the  motor-gen- 
erator on  the  other  hand,  will  serve, 
however,  to  keep  the  current  in  this 
part  of  the  circuit  flowing  in  one  di- 
rection only,  a  reversal  of  the  current 
from  the  battery  into  the  generator  at 


once  throwing  the  generator  out  of 
circuit,  leaving  the  storage  battery  to 
carry  the  load. 

A  plan  embodying  these  principles 
is  shown  in  Fig.  7.  Its  distinctive 
feature  is  that  it  provides  two  sets  of 
batteries  as  a  safeguard  against  shut- 
down. The  arrangement  is  such  that 
both  batteries  may  be  charged  or  dis- 
charged at  the  same  time,  and  either 
or  both  may,  if  required,  carry  a 
whole  or  a  part  of  the  load  with  or 
without  the  assistance  of  the  gener- 
ator. 

These  batteries  are  indicated  at  "A" 
and  "B."  The  double-pole,  double- 
throw  switch  "S"  serves  to  connect 
either  one  with  the  charging  gener- 
ator through  the  overload  and  reverse 
circuit  breaker  "C."  The  power  is 
supplied  by  a  two-phase  alternating- 
current  circuit  controlled  by  switch 
"D."  The  feeders,  two  in  number, 
are  connected  with  the  hinges  of  two 
double-pole,  double-throw  switches, 
the  upper  and  lower  termin- 
als of  which  connect  re- 
spectively to  batteries  "A" 
and  "B."  The  voltages  of 
generator  and  batteries  are 
indicated  by  voltmeters  "G" 
and  "H,"  the  latter  of  which 
is  controlled  by  a  two-point 
switch,  so  that  it  may  be 
connected  with  either  bat- 
tery. A  field  rheostat  af- 
fords means  of  varying  the 
voltage  of  the  generator 
which  is  shunt-wound.  By 
using  a  circuit  breaker  with 
sufficient  number  of  poles, 
the  motor  side  also  of  the 
charging  set  may  be  discon- 
nected simultaneously  with 
the  opening  of  the  gener- 
ator side.  This,  however,  is 
in  many  cases  a  refinement 
of  economy  rather  than  nec- 
essary means  of  protection. 

In  lighting  and  power  work  a  stor- 
age battery  is  sometimes  installed  in 
multiple  with  the  generator,  charging 
from  it  at  low  loads,  assisting  it  by 
carrying  a  portion  of  the  heavier 
loads.  This  class  of  service  demands 
treatment  somewhat  different  from 
the  foregoing,  and  its  requirements 
may  usually  best  be  met  by  installing 
a  reverse  circuit  breaker,  the  series 
actuating  coil  connection  in  the  main 
circuit  of  the  generator,  between  it 
and  the  storage  battery,  the  switch 
number  being  in  the  battery  circuit. 
The  battery  will  thus  be  free  to  charge 
from  the  generator  or  discharge  into 
the  external  circuit,  but  any  tendency 
to  reverse  into  the  generator  itself  will 
cause  the  immediate  severance  of  the 
storage  battery  circuit,  leaving  the 
load  upon  the  generator. 

For  all  of  the  classes  of  storage  bat- 
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tery  work  referred  to  in  the  foregoing 
paragraph,  it  is  believed  that  the  re- 
verse circuit  breaker  (with  or  without 
overload  actuation,  as  dictated  by  the 
conditions  to  be  met)  affords  the  best 
possible  protection. 

For  the  charging  of  storage  bat- 
teries at  constant  voltage,  an  under- 
load circuit  breaker  often  affords  en- 
tirely satisfactory  protection.  It  is  to 
be  remembered,  however,  that  this  de- 
vice will  not  remain  closed  unless 
there  is  flowing  in  the  circuit  a  suffi- 
cient current  to  restrain  the  underload 
armature.  Where  the  voltage  of  the 
conduit  is  liable  to  fluctuations,  this 
would  result  in  frequent  and  unnec- 
essary opening  of  the  underload  cir- 
cuit breaker,  a  condition  entirely  ab- 
sent with  the  use  of  the  reverse  cir- 
cuit breaker,  which  will  not  only  re- 
main closed  when  no  current  is  flow- 
ing in  the  line,  but,  as  before  ex- 
plained, requires  an  actual  reversal  in 
the  direction  of  the  flow  of  current  to 
cause  its  operation. 

THE  PROTECTION  OF  STORAGE  BATTERY 
BOOSTERS. 

The  discussion  of  the  protection  of 
storage  batteries  leads  naturally  to 
the  consideration  of  means  for  pro- 
tecting the  booster  sets  commonly 
used  in  connection  with  battery  in- 
stallations. In  the  majority  of  cases, 
where  boosters  are  employed  in  such 
systems  they  are  used  reversibly,  that 
is,  they  are  employed  to  regulate  both 
the  charge  and  the  discharge  of  the 
storage  battery.  Obviously,  there- 
fore, reverse  current  circuit  breakers, 
as  usually  understood,  are  not  suitable 
for  the  protection  of  this  portion  of 
the  circuit.  The  combined  overload 
and  reverse  circuit  breaker  may,  how- 
ever, be  admirably  adapted  to  these 
conditions.  When  intended  for  such 
service,  the  reverse  current  adjust- 
ment is  made  to  correspond  with  the 
maximum  safe  charging  rate  of  the 
battery,  the  overload  adjustment  con- 
forming with  the  maximum  safe  dis- 
charging rate.  Adequate  protection 
is  thus  afforded  to  the  battery  with 
either  direction  of  the   current  flow. 

Boosters  of  the  compound  or  series 
type,  if  left  connected  with  the  system 
when  the  circuit  of  the  driving  motor 
is  interrupted,  will  act  as  series  motors 
rotating  in  the  reverse  direction,  and, 
if  not  promptly  disconnected,  will  at- 
tain a  destructive  speed.  Similar 
conditions  occur  should  the  booster 
circuit  be  closed  before  the  motor  has 
been  started,  or  should  the  motor  for 
any  reason  lose  its'  field.  Proper  pro- 
tection under  these  conditions  is  se- 
cured only  by  having  an  overload  and 
no-voltage  circuit  breaker  in  the  mo- 
tor circuit  in  such  a  manner  that  the 
motor  circuit  breaker  must  be  closed 
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before  the  booster  circuit  breaker  can 
be  made  to  latch,  while  the  opening  of 
the  first-named  instrument  instantly 
causes  the"  opening  of  the  second. 

The  inter-connection  of  the  circuit 
breakers  may  be  either  electrical  or 
mechanical.  Where  the  electrical 
method  is  employed,  the  booster 
breaker  is  provided  with  an  auxiliary 
tripping  coil  brought  into  circuit  by 
means  of  a  contact  device  operated 
by  the  opening  of  the  motor  circuit 
breaker.  In  the  mechanical  arrange- 
ment, a  lever  suitably  connecting 
motor  and  booster  breakers  is  actu- 
ated upon  the  opening  of  the  former, 
to  release  the  latch  of  the  latter.  This 
method  of  inter-connection  is  illus- 
trated in  Fig.  8. 

THE  PROTECTION  OF  BOOSTERS  SUPPLY- 
ING FEEDERS. 

Boosters  employed  to  compensate 
voltages  losses  in  feeders,  incident 
upon  transmission  over  considerable 
distances  are  either  series  or  com- 
pound wound;  if,  therefore,  when  for 
any  reason  the  driving  motor  is  not 


receivirig  current,  the  booster  should 
be  left  in  connection  with  the  system, 
it  will  run  reversely  as  a  motor,  and 
in  view  of  its  series  fields  winding  will 
attain  destructive  speed.  This  con- 
dition may  be  adequately  dealt  with  by 
the  employment  of  inter-connected 
circuit  breakers  as  described  in  the 
foregoing  section,  the  motor  circuit 
breaker  being  of  the  overload  and  no- 
voltage  type,  while  the  circuit  breaker 
in  the  booster  circuit  will,  as  a  rule, 
need  no  other  actuation  than  that 
transmitted  from  the  motor  breaker 
by  the  inter-connecting  device. 

Fig.  9  shows  a  type  of  circuit 
breaker  which  has  been  very  success- 
fully employed  in  connection  with  the 
booster  sets  having  a  generator  on 
each  side  of  the  line.  The  outer 
switches  serve  to  connect  the  two 
boosters  to  the  positive  and  negative 
sides  of  the  line  respectively;  the  cen- 
ter circuit  breaker  operating  upon 
either  overload  or  no  voltage  serves 
also  to  cause  the  opening  of  the  boos- 
ter switches. 


Cable    Cutting 


By  Capt.  GOODRICH.  U.  S.  Navy 


From  the  Proceedings  of  the  U.  S.  Naval  Institute 


'IPHE  cutting  of  submarine  cables 
X  during  war  has  for  its  object 
the  interruption  of  intelligence 
and  is  merely  one  of  the  operations 
incident  to  breaking  the  enemy's  line 
of  communications, — the  latter  a  term 
of  broad  scope,  although  chiefly  ap- 
plied to  the  means  by  which  an  army 
or  a  fleet  is  kept  in  touch  with  and 
supplied  from  its  base. 

It  is  evident  that  whatever  inter- 
rupts the  forwarding  of  stores  and 
ammunition  (the  material  needs  of  an 
active  force),  or  the  interchange  of  in- 
formation and  the  delivery  of  orders 
(its  moral  needs),  must,  of  necessity, 
deal  a  serious  blow  either  through 
stopping  the  stream  of  provisions  and 
munitions  of  war,  without  which  an 
army  becomes  innocuous,  or  by  inter- 
cepting the  messages  of  information 
and  instructions  upon  which  depend 
the  proper  handling  of  the  troops  or 
the  ships. 

According  to  the  circumstances  of 
the  case,  the  latter  may  indeed  be  as 
pregnant  with  military  results  as  the 
former.  It  was  with  masterly  com- 
prehension that  Napoleon  remarked, 
"Le  secret  de  la  guerre  est  dans  le  se- 
cret des  communications,"  an  aphor- 
ism illustrated  by  his  own  successful 
campaigns  of  Marengo,  Ulm  and 
Jena,  and  by  his  disastrous  advance 


into  Russia.  In  more  recent  days,  it 
was  the  control  of  the  lines  of  com- 
munication which  enabled  Admiral 
Sampson  to  work  out  his  scheme  of 
campaign  with  a  completeness  now 
historic. 

Modern  treatises  on  the  subject, 
recognizing  the  importance  of  that 
branch  of  the  communications  which 
relate  to  the  transmission  of  intelli- 
gence, discuss  at  length  the  duties  and 
responsibilities  of  a  director  of  tele- 
graphs on  the  staff  of  the  general 
commanding  and  the  details  of  the 
field  postal  service.  In  the  war  of 
1870  there  was  a  director  of  military 
telegraphs  on  the  staff  of  the  com- 
mander-in-chief, whose  responsibili- 
ties are  briefly  described  by  Von 
Schellendorf  in  his  "Duties  of  the 
General  Staff"  as  regulating  "the 
whole  telegraph  service  in  the  theatre 
of  war."*  In  the  war  of  the  United 
States  with  Spain  the  telegraph  ser- 
vice was  undertaken  by  the  army  sig- 
nal corps  with  but  indifferent  success. 
Its  attempts  to  interrupt  the  enemy's 
cable  communications  failed  utterly. 
Says  Col.  Furse,  C.  B.: — 

"Notwithstanding     these     disturb- 

*  Said  Major-General  Webber,  R.  E.,  twenty 
years  ago,  "When  the  army  learns  to  apply  the 
telegraph  as  extensively  to  a  line  of  communica- 
tions as  it  is  used  by  railway  companies,  com- 
mensurate results  will   be  produced  in  war." 


ances,  no  commander  in  our  days 
would  think  of  taking  the  field  with- 
out the  aid  of  the  electric  telegraph. 
Who  can  fail  to  appreciate  the  im- 
mense advantage  it  is  to  him  to  pos- 
sess an  exact  knowledge  of  all  that  is 
passing  in  the  scattered  parts  of  his 
army?  Consider  the  benefit  of  his 
being  able  to  place  himself  in  direct 
communication  and  interchange 
views  with  his  subordinates,  with 
what  confidence  he  can  give  direc- 
tions, impart  the  result  of  the  opera- 
tions of  lateral  columns,  indicate  the 
assistance  to  be  expected  from  them, 
and  the  time  likely  to  elapse  before 
this  aid  may  reach  its  destination. 
Look  how  the  operations  of  two  or 
more  armies,  separated  by  some  im- 
passable natural  barrier,  have  ceased 
to  be  such  a  risky  thing  as  they  have 
hitherto  been;  for,  thanks  to  the  elec- 
tric telegraph,  their  commanders  can 
now  combine  their  movements  and 
can  be  in  constant  intercourse." 

This  picture  of  the  tragic  conditions 
of  warfare  on  shore  is  but  a  tiny  mini- 
ature when  compared  with  the  vast 
canvas  required  to  depict  the  opera- 
tions of  fleets  and  squadrons.  The 
distances  in  the  one  case  are  measured 
by  single  miles,  in  the  other  by  hun- 
dreds of  leagues.  It  was  the  sub- 
marine cable  which  told  Cervera  of 
the  attack  on  San  Juan,  Porto  Rico, 
and  thus  turned  him  away  from  the 
destination  to  which  he  had  been  or- 
dered and  which  Sampson  had  rightly 
guessed.  Had  the  lines  leading  to 
Porto  Rico  been  promptly  cut  at  the 
outbreak  of  hostilities,  Cervera  would 
have  met,  off  San  Juan,  the  fate  which 
befell  him  on  the  3d  of  July,  and  the 
war  would  have  been  over  before  it 
had  fairly  begun. 

It  follows  from  these  preliminary 
considerations  that  accurate  informa- 
tion as  to  the  location  of  all  subma- 
rine telegraph  lines  should  be  at  the 
disposal  of  our  commander-in-chief 
that  he  may  know  where  it  will  be 
most  advisable  to  send  a  vessel  to  cut 
such  lines  as  lead  to  the  enemy's  ter- 
ritory. This  is  no  new  suggestion. 
Although  our  experience  during  the 
war  with  Spain  demonstrated  its  val- 
ue, the  suggestion  itself  had  previ- 
ously been  made  in  one  of  the  most 
important  papers  ever  read  before  the 
Royal  United  Service  Institution  of 
Great  Britain.  Pointing  out  in  1881 
the  pressing  necessity  of  establishing 
an  Intelligence  Office  at  the  Admir- 
alty, Sir  John  Colomb  mentioned, 
among  other  duties,  "It  is  also  of  im- 
portance that  all  particulars  concern- 
ing the  exact  position,  nature  of  bot- 
tom, and  depth  of  water  in  which 
submarine  cables  are  laid  should  be 
collected  and  furnished  to  naval  com- 
manders,   so    that    they    may    know 
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where  to  cut  or  tap  them,  or  prevent 
others  from  doing  so." 

I  am  unable,  through  ignorance,  to 
state  that  our  own  excellent  Office  of 
Naval  Intelligence  is  in  a  position  to 
supply  this  information  with  that  ex- 
actness which  Sir  John  had  in  con- 
templation when  he  wrote  the  words 
just  quoted,  and  I  am  disposed  to  be- 
lieve that  the  difficulty  of  obtaining 
this  knowledge  is  so  great  as  to  be  for 
us  practically  insuperable,  since  sub- 
stantially all  submarine  cables,  the 
world  over,  are  owned  by  foreign  cor- 
porations and  controlled  by  foreign 
governments.  It  is  not  likely  that 
these  corporations  would  reveal  the 
location  of  their  various  lines  so 
frankly  and  so  fully  as  to  facilitate 
their  destruction  in  time  of  war. 
While  not  pretending  to  assert  that 
the  precise  information  which  would 
have  been  so  valuable  to  us  in  1898 
was  not  in  the  possession  of  our 
Office  of  Naval  Intelligence,  yet  I 
may  say  that  it  did  not  reach  either  of 
the  parties  that  undertook  to  cut  the 
lines  leading  to  Cuba. 

The  lack  of  definite  knowledge  of 
the  locations  of  cables  does  not,  how- 
ever, operate  as  a  hopeless  bar  to  their 
raiding.  The  terminal  points  are 
known  to  every  one  who  cares  to  con- 
sult the  diagrams  of  cable  connec- 
tions which  are  freely  open  to  the 
public,  and  which  are  printed  in  our 
own  Hydrographic  Office. 

To  trace  the  intermediate  route  is 
not  very  difficult,  if  you  keep  in  mind 
one  factor  of  determining  importance. 
Of  course  you  will,  in  this  way,  only 
get  an  approximate,  or  probable,  lo- 
cation, but  you  will  not  be  very  far 
from  the  truth.  This  factor  is  cost. 
Each  deep-water  cable  is  worth  about 
one  hundred  pounds  sterling  a  sea 
mile,  and  each  knot  saved  means  less 
capitalization  and  greater  economy  in 
laying  and  maintaining.  You  may  be 
pretty  sure,  therefore,  that  the  wire 
you  seek  has  been  run  in  a  straight 
line,  or  as  nearly  in  a  straight  line  as 
topography  and  hydrography  permit. 
Along  a  convex  coast  it  is  to  be 
sought  not  far  from  the  beach,  and 
preferably  in  not  less  than  30 
fathoms.*  Along  a  shore-line  con- 
sisting of  capes  and  bights  it  shaves 
the  points.  In  no  case  is  wire  un- 
necessarily paid  out,  and  this  hint  will 
give  you  the  clue  you  require.  You 
may  with  confidence  lay  down  on 
your  chart  the  probable  course  of  the 
cable  from  start  to  finish  and  then 
take  up  the  next  question  in  order — 
where  is  the  best  place  to  attempt  the 
grappling? 

Military    considerations    may    con- 


fine your  movements  to  a  narrow 
zone.  In  this  case  you  have  no  choice 
and  you  must  do  the  best  you  can 
under  the  circumstances.  If,  on  the 
contrary,  you  are  free  to  go  where 
you  please,  you  will  study  the  chart 
with  care  and  select  a  point  where  the 
water  is  shallow  and  the  bottom  free 
from  rocks.  In  deep  water,  much 
time  is  consumed  in  making  a  "drive," 


fig.  1. 


fig.  2 


*  In  shoal  water  the  surface  agitation  is  trans- 
mitted to  the  bottom,  where  it  chafes  and  injures 
the   lightly-armored   deep-sea   cable. 


as  the  trip  across  the  line  of  the  cable 
is  called,  and  the  difficulties  attending 
the  hooking  on  and  heaving  up  are 
greatly  increased.  On  rocky  bottom 
the  cable  lurks  among  boulders;  a 
grapnel  is  apt  to  pass  over  it  without 
hooking,  or  to  be  caught  on  a  stone 
and  its  prongs  straightened  out  like 
an  umbrella  turned  inside  out  by  a 
sudden  gust  of  wind.  Should  the 
bottom  be  shelving,  the  drive  is  made 
up  hill,  or  from  deep  water  into  shoal- 
er  water.  It  is  hardly  necessary  to 
add  that  the  direction  is  square  across 
the  lie  of  the  cable. 

You  have  now  determined  upon  the 
place  where  your  search  is  to  begin 
and  upon  the  general  line  to  follow. 
Let  us  consider  briefly  the  mechanical 
means  to  the  end  we  have  in  view. 
The  appliances  needed  by  a  ship  as- 
signed to  the  duty  of  cutting  cables 
are  few  in  number  and  simple  in  na- 
ture. They  consist  essentially  in  a 
suitable  instrument  for  grappling  the 
cable,  a  stout  and  flexible  line  at- 
tached to  the  foregoing  and  a  steam 
windlass  or  capstan  for  heaving  in. 
It  will  be  apparent  on  reflection  that 
the  first  is  more  likely  to  be  a  special 
tool  than  the  others  and  one  which,  in 
its  higher  development,  is  not  likely 
to  be  found  in  the  naval  service. 

A  sounding  machine  capable  of 
reaching  bottom  at  a  thousand  fath- 
oms or  more  may  be  very  helpful,  but 
it  is  by  no  means  indispensable.  If 
you  cannot  get  a  cast  with  the  lines 
you  have,  you  must  do  as  I  did  off 
Santiap'O,   use   the   grappling  hawser 


itself  for  a  lead  line.  Other  things 
being  equal,  the  best  results  in  all 
mechanical  operations  are  achieved 
with  apparatus  designed  solely  for  the 
particular  task  in  hand,  and  contain- 
ing in  its  plan  and  workmanship  the 
highest  skill,  deepest  thought,  and 
widest  experience  of  the  expert.  The 
job  can  be,  and  often  is,  done  with  in- 
ferior facilities,  but  time,  labor,  and 
patience  must  be  expended  to  replace 
the  unerring  precision  and  rapid  out- 
put of  the  special  machine. 

A  few  words  devoted  to  study  of 
the  most  successful  forms  of  grapnels 
will  not  be  amiss,  for  the  latter  will 
convey  hints  as  to  improvising,  which 
may  prove  of  great  value.  If  we 
pause  to  reflect  upon  the  way  in  which 
a  cable  rests  upon  the  bed  of  the 
ocean,  we  shall  realize  that  the  condi- 
tions may  so  vary  from  place  to  place 
as  to  present  a  wide  diversity  of  prob- 
lems to  solve,  the  variable  being  for 
the  same  cable  the  changing  charac- 
ter of  the  bottom. 

The  cable  may  hang  in  a  long  bight 
from  crest  to  crest  of  a  valley;  it  may 
lie  on  a  generally  level  floor,  yet 
nestling  among  boulders  and  rocks  so 
closely  as  to  be  almost  secure  against 
grappling;  it  may  rest  easily  on  a  hard 
bottom;  it  may  have  sunk  deep  into 
mud  and  ooze.  Plainly,  what  will 
pick  it  up  in  one  case  will  fail  to  dig 
it  out  in  another;  what  will  dig  it  out 
here  will  not  get  within  its  stony 
guard  there.  And  so  we  find  that  the 
nature  of  the  bottom  has  forced  the 
clever  men  charged  with  the  mainte- 
nance and  repair  of  submarine  cables 
to  devise  grapnels  appropriate  to  the 
particular  needs  in  each  instance. 
Fortunately  we  may,  in  a  rough  tele- 
graphic fashion,  divide  ocean  bottoms 
into  three  classes,  soft,  hard  and 
rocky.  If  we  know,  in  a  general  way, 
what  tools  have  been  invented  for  use 
on  these  three  classes  of  floor,  we 
shall  be  helped  in  our  improvising 
when  it  falls  to  our  lot  to  drag  for  a 
submarine  cable. 

The  exemplar  and  forebear  of  them 
all  is  the  grapnel  known  to  sailors 
from  the  earliest  ages.  When  it  was 
found  that  the  ordinary  grapnel  was 
too  light,  the  weight  was  increased  up 
to  500  pounds  as  a  maximum;  200 
pounds  may  be  accepted  as  a  good 
working  figure.  It  was  soon  seen 
that  the  short  shank  and  the  long 
prongs  made  a  grapnel  jerk  and  jump 
on  hard  bottom,  so  for  this  latter  use 
the  prong  was  shortened  to  a  scant 
hook  and  the  shank  lengthened. 
Neither  of  these  forms  being  satisfac- 
tory among  rocks,  it  occurred  to  some 
nameless  expert  to  use  a  heavy  bar 
of  iron  or  steel  about  4  feet  long  pro- 
vided with  numerous  short  hooks  dis- 
tributed along  its  four  sides,  trusting 
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to  its  shortness  and  its  weight  to 
search  out  the  interstices  between 
boulders  and  thus  sejze  the  cable  in 
its  hidden  lair.  Such  was  the  origin 
of  the  fitly  named  centipede,  the  third 
of  the  types  of  grapnels  employed  by 
cable  ships. 

I  have  mentioned  them  so  far  in 
their  simplest  form,  but  it  is  not  to  be 
supposed  that  so  highly  organized 
and  costly  a  service  should  not  have 
evolved  modifications  to  meet  certain 
difficulties  which  arose  from  time  to 
time.  Thus  you  may  readily  imagine 
a  grapnel  to  haye  picked  up  a  cable 
and,  before  being  lifted  clear,  to  have 
caught  its  prong  in  a  rock.  The  sim- 
ple type  would  have  opened  out  the 
prong  and  have  lost  the  wire.  Here 
ingenuity  entered  and  suggested 
either  a  spring  which  would  hold  the 
prong  extended  except  in  the  event  of 
too  great  a  strain,  or  a  prong  held  in 
position  by  a  soft  pin.  In  the  first  in- 
stance, the  spring  returns  the  prong 
to  its  place  when  the  strain  is  eased 
up;  in  the  second,  the  pin  of  lead  or 
soft  iron  is  sheered,  the  prong  swings 
open  on  its  ringe,  but  in  both  cases 
the  cable  is  still  held  by  the  shoulders 
of  the  lugs  between  which  the  prong 
revolves,  or  by  projection  on  the 
shank  itself.  With  the  simple  grap- 
nel this  same  end  is  secured,  some- 
times, by  a  spring  which  holds  the 
cable  even  if  the  toe  straightens  out. 
Another  improvement  is  sought  in  a 
means  by  which  a  cable,  after  being 
grappled,  may  be  cut,  one  end 
dropped  and  the  other,  firmly  held, 
brought  to  the  surface. 

Should  any  of  my  hearers  care  to 
dig  deeper  into  this  subject,  they  may 
consult  Prof.  Jameson's  paper  on 
"Cable  Grappling  and  Lifting,"  in  the 
"Journal  of  the  Society  of  Telegraph 
Engineers,"  Vol.  IT;  the  "Electrical 
Review,"  for  January  n,  1895;  Mr. 
Frank  Lambert's  paper  read  in  1876 
before  the  Society  of  Telegraph  En- 
gineers on  "Grapnels  for  Raising 
Submarine  Cables  in  Deep  Water"; 
Mr.  Chas.  Bright  on  "Submarine 
Cable  Grapnels,"  "Engineering,"  No- 
vember 4,  1898,  etc.  The  illustrations 
to  which  I  shall  now  refer  may  be 
found  in  the  latter  article.  Fig.  1  is 
the  short-toed  grapnel  for  use  on  hard 
bottom,  such  as  sand  and  gravel;  Fig 
2.  the  long-shanked,  long-toed  grap- 
nel, for  use  on  soft  bottom,  such  as 
mud  and  ooze;  Fig.  3,  the  conven- 
tional form  of  centipede. 

In  a  centipede  ordered  for  the  "St. 
Louis,"  but  never  used  on  account  of 
the  speedy  collapse  of  the  Spanish  re- 
sistance, a  5-inch  iron  pipe  was  sub- 
stituted for  the  bar.  Holes  were 
drilled  through  it  from  side  to  side, 
square  bars  of  f-inch  steel  about  15 
inches     long    were     forced     through 


these  holes,  the  ends  bent  in  the  same 
directions,  and  the  metal  was  upset  to 
hold  the  claws  firmly  in  place. 

I  have  thought  it  well  to  exhibit  a 
grapnel  of  special  make  to  illustrate 
one  successful  manner  in  which  the 
problem  had  been  solved.  Fig.  5 
shows  two  Stallibrass  grapnels  cou- 
pled together  for  centipede  work,  and 
Fig.  4,  the  details  of  the  grapnel  itself. 
The  toes  are  pivoted  about  the  bolt  A, 
their  heels  resting  against  the  soft 
iron  pin  B.  When  the  strain  is  too 
great,  the  latter  shears  and  the  toe 
drops  into  the  dotted  position,  freeing 
the  grapnel  from  the  rock  or  other 
obstruction,  but  the  cable  remains 
caught  and  firmly  held  in  the  round 
seat  shown  in  the  figure.  A  capsized 
toe  tends  to  throw  the  grapnel  over 
and  a  sound  toe  clown,  something 
which  invariably  does  not  happen 
with  the  ordinary  grapnel.  It  is  stat- 
ed on  authority,  that  so  long  as  one 
toe  is  in  its  normal  position,  the  Stal- 
librass grapnel  may  be  relied  upon. 

I  will  not  waste  your  time  over  the 
so-called  "Cutting  and  Holding  Grap- 
nel." If  you  should  need  one,  it  will 
be  better  to  buy  the  tool,  of  which,  it 
may  be  remarked,  numerous  varieties 
are  in  use. 

It  is  always  well  to  place  a  length, 
sav  15  fathoms,  of  -J-inch  chain  ahead 
of  the  grapnel.  The  object  is  two- 
fold, first,  to  weight  the  ring  of  the 
grapnel  and  thus  hold  it  down  to  its 


FIG.    3 

work;  second,  to  avoid  chafing  the 
line.  It  may  also  be  seen  that  such  a 
chain  will  fall  into  the  spaces  between 
rocks  and  so  guide  the  grapnel  to  its 
object.  As  there  can  never  be  any 
disadvantage  in  using  the  chain,  and 
as  it  is  frequently  of  great  utility,  I 
suggest  its  employment  as  an  invari- 
able rule. 


The  line  or  hawser  may  be  anything 
stout  enough  for  its  purpose.  Prac- 
tically you  will  be  doubtless  thrown 
back  on  what  is  available.  The  depth 
of  water  will  suggest  an  appropriate 
size.  But  a  heavy  "shore  end"  may 
demand  in  grappling  as  strong  a  haw- 
ser line  as  a  lighter  cable  laid  in  deep 
water.  I  have  personally  used  ma- 
nila  hawsers  from  5  to  8  inches  in  cir- 
cumference, but,  for  the  reason  that 
no  others  were  to  be  had. 

The  operation  of  grappling  is  di- 
rected by  one  officer  who  keeps  his 
hand  on  the  hawser  and  from  the 
vibrations  which  it  transmits  from  the 
grapnel  hundreds  of  fathoms  below, 
he  forms  an  idea  of  what  is  going  on 
at  the  bottom,  which  is  correct  in  di- 
rect proportion  to  his  experience. 
Little  shocks,  like  a  succession  of 
tremors,  tell  him  that  the  grapnel  is 
slippinp"  along  a  reasonably  smooth 
floor;  a  heavy  strain  followed  by  a 
sudden  release,  that  it  has  fallen 
among  rocks;  a  gradual  increase  of 
tension  always  accompanies,  although 
it  is  not  the  invariable  proof  of,  the 
hooking  of  the  cable. 

From  these  facts  it  will  become  evi- 
dent that  the  lighter  and  more  flexi- 
ble the  grappling  line,  the  more  truly 
and  delicately  will  it  transmit  the  vi- 
brations originating  at  the  bottom, 
and  the  more  accurately  may  these 
vibrations  be  interpreted.  Use  there- 
fore the  lightest  line  of  sufficient 
strength.  Here  again,  special  wants 
have  brought  about  special  means, 
and  the  grappling  line  is  now  as  much 
an  article  of  manufacture  as  the  sub- 
marine cable  itself.  Strength  is  se- 
cured by  the  adoption  of  steel  wire 
(galvanized  to  prevent  corrosion),  and 
flexibility  is  gotten  by  using  many 
fine  wires,  laid  up  into  seven  strands, 
each  strand  wrapped  in  tarred  hemp. 
Get  this  if  you  can,  but  remember  that 
it  is  a  convenience  only,  not  a  neces- 
sity. 

The  cable  ship  inserts  a  dyna- 
mometer before  the  wind-in  ma- 
chine to  obviate  heavy  surges.  The 
same  end  may  be  reached  in  a  cruder 
and  less  effective  manner  by  a  steam 
winch  with  a  variable  throttle  in  the 
hands  of  a  skilful  person  who  acts  in 
obedience  to  signals  from  the  officer 
in  charge. 

A  cable  may  be  hove  up  by  a  wind- 
lass or  capstan  out  of  sight  of  the 
grappling  officer,  but  the  chances  of 
breaking  the  wires  are  thereby  enor- 
mously increased.  If  your  forecastle 
winch  is  too  small  in  the  heads  for 
rapid  work,  it  may  be  necessary  to  en- 
large the  latter  by  wooden  chocks  or 
whelps — but  avoid  the  mistake  of 
making  them  so  large  that  the  winch 
power  becomes  inadequate. 

While  the  smaller  ship  is  handier. 
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there  is  no  real  limit  to  the  size  of  the 
vessel  which  may  be  used  for  this  pur- 
pose. My  own  experience  was  had 
in  the  "Suwanee,"  in  the  "Wompa- 
tuck"  of  460  tons  displacement,  and 
the  "St.  Louis,"  displacing  17,500 
tons,  the  largest  vessel,  by  the  way, 
which  ever  flew  a  pennant. 

On  arriving  at  the  spot  chosen  for 
cutting  a  cable,  the  first  thing  to  do  is 


fig.  4 

to  stop  the  ship  dead  in  the  water  and 
ascertain  the  depth,  unless  this  is 
given  by  the  chart.  It  is  possible 
that  you  may  not  have  enough  sound- 
ing wire  to  reach  the  bottom.  This, 
I  have  said,  was  my  case  off  Santiago. 
There  is  then  nothing  left  but  to 
lower  the  grapnel  over  the  bows  and 
bend  on  hawser  after  hawser  until  the 
grapnel  strikes  the  bottom.  You  will 
have  taken  such  a  position  as  will  en- 
able you  to  drag  up  hill  and  you  will 
begin  the  drive  far  enough  on  one 
side  of  the  known  or  assumed  line  to 
be  certain  that  the  wire  lies  ahead  of 
you. 

The  dragging  is  always  done  over 
the  bows,  as  that  is  the  one  end  of  the 
ship  which  may  be  controlled.  The 
grapnel  is  on  the  weather  side  to  keep 
the  line  clear  of  the  screw.  The  more 
slowly  the  ship  moves  the  more  likely 
is  the  grapnel  to  seize  the  cable.  Her 
advance  should  be  so  gradual  as  to  be 
hardly  perceptible.  The  best  way  of 
measuring  her  speed  is  by  means  of  a 
"Dutchman's  log,"  small  billets  of 
wood  thrown  upon  the  surface  of  the 
water  from  time  to  time.  The  grap- 
nel creeps  over  the  bottom,  its  prongs 
burrowing  slightly  under  the  surface 
of  the  soil  until  they  catch  underneath 
the  cable.  The  gradually  increasing 
tension  on  the  grappling  rope  reveals 


to  the  expert,  whose  hand  is  always 
on  the  outboard  part,  that  the  cable  is 
caught. 

It  is  well  to  keep  going  ahead  for  a 
few  minutes  after  getting  an  unmis- 
takable bite  in  order  to  lift  the  cable 
off  the  bottom,  and  thus  ensure  its 
being  hooked.  Then  the  ship  is 
stopped  and  the  line,  taken  to  a  steam 
winch  or  capstan,  is  hove  in.  As 
soon  as  the  bight  is  well  out  of  water, 
a  hawser  is  bent  to  it  and  the  grapnel 
relieved  of  its  duty.  When  the  cable 
is  inboard,  a  stout  plank  to  protect 
the  deck,  a  couple  of  sharp  blows 
with  an  axe  and  the  thing  is  done. 
Letting  go  of  one  end  and  steaming 
a  couple  of  miles  away  with  the  other 
will  make  a  gap  of  sufficient  magni- 
tude to  embarrass  the  repair  steamer, 
should  she  come  along  before  peace 
is  declared. 

I  think  there  can  be  no  reasonable 
objection  to  our  including  a  properly 
equipped  cable  ship  among  the  indis- 
pensable auxiliaries  to  a  fleet  or  to 
our  insisting  that  she  should  be  of  the 
navy,  under  naval  control  absolutely 
—and  not  like  the  "Adria,"  for  exam- 
ple, a  chartered  foreign  steamer  un- 
der the  control  of  a  staff  officer  of  the 
War  Department  in  Washington. 
Captain  Squier,  U.  S.  A.,  is  quite 
right  when  he  claims  that  "it  may  be 
said  at  present  that  no  modern  fleet 
is  complete  without  a  cable  ship  espe- 
cially designed  for  cable  operations  in 
time  of  war." 

I  cannot  leave  the  subject  of  cable 
cutting  without  making  the  sugges- 
tion that  the  other  side  of  the  medal 
ought  to  receive  attention  from  the 
naval  authorities  in  general  and  the 
General  Staff  in  particular,  in  order 
that  some  provision  or  arrangement 
may  be  made  in  time  of  peace  for  the 
laying  of  such  cables  as  are  thought 
or  found  desirable  in  putting  the  plan 
of  campaign  into  actual  operation. 

Only  half  our  work  is  done  when 
we  interrupt  the  enemy's  communica- 
tions— we  must  keep  our  own  mtact, 
and  we  must  supply  such  missing 
links  or  such  ramifications  of  the  ex- 
isting network  of  commercial  cables 
as  will  serve  to  maintain  our  com- 
mander-in-chief in  touch  with  the  out- 
side world,  should  he  so  desire.  If 
he  prefers,  like  Dewey,  at  Manila,  to 
drop  a  veil  behind  him,  cut  himself 
from  his  base  and  work  along  his  own 
path  unhampered  by  instructions, 
from  Washington,  that  is  assuredly 
the  prerogative  of  his  high  office.  On 
the  other  hand,  if  he  thinks  it  wise  to 
follow  the  example  of  modern  gen- 
erals with  their  field  telegraph  com- 
panies and  organization,  then  he 
should  have  at  his  command  vessels 
for  laying  submarine  cables  either  of 
the   special   design  in  universal   em- 


ployment by  the  great  corporations, 
or  improvised  craft  fitted  in  a  rough 
manner  with  suitable  instruments  and 
provided  with  sufficient  wire  stout 
enough  to  stand  the  unavoidable 
strains,  and  yet  slight  enough  to  oc- 
cupy small  space  in  the  hold.  Obvi- 
ously, a  wire  for  temporary  use  may, 
properly,  vary  in  many  respects  from 
the  established  pattern  evolved  for 
permanent  use  on  well-known  routes. 
Such  a  cable  would  naturally  be  so 
run  out  as  to  escape  ready  detection 
by  the  enemy  and  its  starting  point 
would  call  for  adequate  defense.  It 
seems  to  me  that  the  utmost  simplic- 
ity is  "sine  qua  non"  in  all  parts  of 
this  temporary  installation. 
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FIG.  5 

Thus,  from  the  desirability  of  sev- 
ering our  enemy's  lines  and  of  main- 
taining our  own  communications,  the 
double  need  arises  for  the  cable  ship 
alluded  to  above.  I  think  that  she  will 
come  when  the  clouds  of  war  next 
gather  on  our  horizon,  and  that  when 
she  comes  she  will  come  to  stay. 


Recent  experiments  by  Professor 
John  Trowbridge,  of  Harvard  Univer- 
sity, are  understood  to  have  demon- 
strated that  the  cause  of  thunder  is  to 
be  found  in  the  dissociation  of  water 
vapor. 


The    Edvication    of    tKe    American    Electrical 

Engineer 


By    Professor    W.    E.    AYRTON 


What  Professor  Ayrton  has  to  say  concerning  the  education  of  the  American  electrical  engineer 
is  based  upon  his  observations  during  the  recent  tour  through  the  United  States  of  the  .Educational 
Commission  sent  out  from  Great  Britain  by  Mr.  Alfred  Mosely.  Professor  Ayrton  was  one  of  the 
members  of  that  commission,  and  thus  enjoyed  exceptional  opportunities  for  the  "'gathering  of  impres- 
sions."—The  Kditor. 


ALTHOUGH  I  take  a  keen  inter- 
est in  primary  and  secondary 
education,  as  well  as  in  busi- 
ness and  technical  education,  and  al- 
though, therefore,  I  visited  various 
American  elementary  schools,  trade 
schools,  schools  of  commerce,  and 
technical  schools,  in  addition  to  uni- 
versities, technical  colleges,  and  fac- 
tories, the  shortness  of  the  time 
during  which  I  could  stay  last  au- 
tumn in  the  United  States  induced 
me  to  devote  myself  almost  entirely 
to  the  study  of  one  branch  of  educa- 
tion, viz.,  that  of  the  young  electrical 
engineer.  The  information  gained 
during  the  three  weeks,  combined 
with  what  I  have  learned  during  for- 
mer visits,  enables  me  to  state  con- 
clusively that,  as  far  as  the  training  of 
the  young  electrical  engineer  is  con- 
cerned, the  United  States  are,  on  the 
whole,  distinctly  ahead  of  Great  Brit- 
ain. 

It  was  not  because  I  found  some  of 
the  electro-technical  laboratories  in 
the  States  larger  and  better  equipped 
than  in  my  own  country,  nor  because 
some  of  them  contained  full-sized  ma- 
chinery instead  of  mere  models,  nor 
because  I  saw  large  numbers  of  stu- 
dents working  in  them,  that  this  opin- 
ion of  the  superiority  of  the  teaching 
of  the  young  electrical  engineer  was 
forced  on  me.  But  it  was  because  I 
saw  that  there  actually  existed  that 
close  bond  of  union  between  the  in- 
dustry and  the  teaching  which  only 
the  more  sanguine  of  us  have  hoped 
they  might  perhaps  live  to  see  intro- 
duced into  our  own  countrv. 

I  talked  with  manufacturers  and 
managers  of  works,  with  engineers 
having  a  large  consulting  practice, 
with  engineers  having  a  small  one, 
with  municipal  engineers,  with  presi- 
dents of  engineering  societies,  with 
presidents  of  universities,  with  profes- 
sors of  engineering,  with  the  staffs  in 
laboratories,  with  students  in  college, 
and  with  the  editors  of  technical  pa- 
pers, regarding  the  relation  between 
a  college  and  a  factory.  All  the  peo- 
ple of  the  classes  enumerated  above 
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whom  I  met  were  unanimous  on  two 
points — there  was  not  one  dissentient 
voice.  Everywhere  I  was  told  : — An 
engineering  apprentice  in  a  factory 
should  be  a  college-trained  man ;  an 
engineering  professor  in  a  college 
should  be  actively  engaged  in  the 
practice  of  his  profession. 

At  the  Westinghouse  Electric  and 
Manufacturing  Company's  works,  Mr. 
Downton,  the  foreman  of  appren- 
tices, said: — "The  engineering  ap- 
prentices, of  whom  we  have  about 
150,  must  be  first-class  graduates  of 
leading  technical  schools.  We  start 
them  on  trial  at  16  cents  an  hour,  and 
if  really  bright  they  may  be  earning 
$150  a  month  with  us  at  the  end  of 
eight  months.  We  are  always  on  the 
lookout  for  bright  men ;  we  co-operate 
with  the  professors  of  colleges  to  get 
them." 

Two  of  the  chiefs  of  the  staff  visit 
all  the  principal  universities,  colleges, 
and  technical  schools  throughout  the 
United  States  every  year  for  the  pur- 
pose of  seeing  the  students  and  choos- 
ing those  wdio  are  most  suitable  to 
work  with  the  Westinghouse  Com- 
pany. 

"The  Westinghouse  works  are  the 
product  of  the  colleges  of  this  coun- 
try," said  the  chief  electrician.  "We 
have  come  to  rely  on  college  men ;  we 
are  now  practically  all  college-bred 
men  ourselves.  And  yet  when  I  came 
to  Pittsburg  and  .knocked  at  the  side 
door  of  a  factory,  the  fact  that  I  was 
a  college  man  counted  against  me  in 
the  mind  of  the  superintendent.  Now 
the  same  firm  sends  each  vear  to  the 
technical  schools  asking  for  their  best 
men,  and  sometimes  during  one  year- 
ly visit  we  take  the  whole  class  from 
a  college." 

At  the  General  Electric  Company's 
huge  works  at  Schenectady,  on  the 
same  vast  scale  as  the  Westinghouse 
works  at  Pittsburg,  I  found  the  same 
scheme  carried  out.  The  electrical 
superintendent,  Mr.  C.  P.  Steinmetz, 
and  the  general  manager,  Mr.  E.  B. 
Raymond,  both  spoke  of  their  feeling 
"the  need  of  technicallv  educated  men 


in  all  departments";  how  they  only 
take  for  their  "365  test  students  grad- 
uates of  colleges  of  high  standing"; 
how  ''they  together  visit  each  year 
all  important  colleges  as  far  West  as 
Illinois  and  Ohio  to  see  the  profes- 
sors, to  see  the  men  who  contemplate 
going  into  practice,"  so  that  they  may 
choose  some  150  bright  college 
youths  every  year;  how  they  had  met 
on  these  annual  visits  representatives 
of  other  large  electric  works  on  the 
same  quest ;  how  they  all  aimed  at  fos- 
tering "a  mutual  alliance  between  the 
factory  and  the  college";  how  that, 
because  a  student  happened  to  be 
good  at  drawing,  they  did  not  keep 
him  in  their  "draughting  rooms,  but 
let  all  students  go  through  depart- 
ment after  department  so  as  to  learn." 

"Thirty  per  cent,  of  the  students  of 
the  General  Electric  Company  are 
British,  and  within  five  months  the 
English  students  drop  into  step  and 
hustle."  I  discussed  with  a  group  of 
former  City  and  Guilds  Central  Tech- 
nical College  men  now  at  Schenec- 
tady how  the  students  at  their  old  col- 
lege could  be  made  to  acquire  that 
alertness  and  go-aheadness  that  we 
saw  all  around  us  there,  and  they  ad- 
vised, "Send  as  many  of  them  as  yon 
can  to  America." 

I  suggested  to  Mr.  Win.  Barclay 
Parsons,  the  chief  engineer  of  the  new 
underground  electric  raihvay  of  New^ 
York,  for  whose  engineering  staff 
men  are  selected  by  examination,  that 
perhaps  the  reason  why  so  large  a 
percentage  of  college-bred  men  were 
chosen,  was  because  the  examination 
questions  were  such  as  a  college- 
trained  man  could  better  answer  than 
one  who  had  entered  on  practical  life 
when  quite  young.  But  he  showed 
me  copies  of  the  questions,  and  con- 
vinced me  that  they  were  such  as  an 
applicant  for  an  assistant  engineer- 
ship  ought  to  be  able  to  answer,  what- 
ever had  been  his  previous  training. 

Now,  one  of  the  reasons  why,  in 
spite  of  the  many  places  at  which  elec- 
trical engineering  is  taught  in  Amer- 
ica, the  demand  for  college  graduates 
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is  still  greater  than  the  supply,  is  be- 
cause the  education  which  they  have 
received  is  exactly  what  the  manufac- 
turers desire.  It  is  not  given  by 
teachers,  the  terms  of  whose  appoint- 
ment divorce  them  from  industry,  by 
men  who  perhaps  even  learn  to  look 
down  upon  the  manufacturer,  the  en- 
gineer, the  manager,  and  the  sales- 
man, although  these  people  are  actu- 
ally occupied  in  practicing  that  very 
application  of  science  to  industry 
which  the  teacher  preaches,  but  by 
those  who  are  doing  the  engineering 
work  of  the  country. 

There  is  no  question  about  an  en- 
gineering professor  in  America  being 
occasionally  permitted  to  do  a  small 
amount  of  outside  work:  he  is  practi- 
cally required  by  the  college  authori- 
ties to  be  so  actively  engaged  in 
practice  that  he  becomes  recognized 
in  the  world  of  affairs  as  the  working 
authority  on  the  subject. 

I  had  a  long  talk  with  President 
Schurman,  of  Cornell  University, 
where  there  are  about  1200  students 
of  engineering  alone.  He  considered 
that  there  was  no  question  about  the 
importance  of  the  engineering  profes- 
sors engaging  in  practice,  but  that 
when  a  professor  was  away  from  the 
university  for  six  months  doing  pri- 
vate outside  work,  he  had  been  led  to 
ask  the  Dean  of  the  Science  Faculty, 
"Are  we  losing  this  man's  time?" 
The  reply,  however,  had  always  been, 
"The  university  gains." 

Dr.  Alex.  C.  Humphreys,  president 
of  Stevens  Institute  of  Technology, 
a  college  for  the  training  of  mechani- 
cal engineers  only,  said: — 

"I  consider  distinctly  that  an  engi- 
neering professor  should  be  interested 
in  business.  If  a  man  is  not  capable 
of  doing  outside  work,  he  is  not  ca- 
pable of  teaching.  The  Stevens  In- 
stitute Department  of  Tests  may  carry 
on  any  outside  work  in  the  Institute's' 
laboratories,  and  may  retain  all  but 
10  per  cent,  of  the  fees  they  receive." 

On  each  of  the  many  occasions  that 
the  importance  of  outside  work  was 
urged  on  me,  I  pointed  out  the  pos- 
sible risk  of  a  man  becoming  so  im- 
mersed in  professional  work  and  de- 
riving so  large  an  income  from  his 
practice  that  he  might  come  to  disre- 
gard the  salary  derived  from  the 
university  and  neglect  his  students. 
But  I  was  always  answered  that  the 
risk  I  referred  to  was  far  less  serious 
than  the  risk  of  the  professor's  teach- 
ing deteriorating  from  his  losing  ac- 
tive touch  with  the  industry. 

"Reality"  is  the  watchword  of  en- 
gineering education  in  America,  for 
not  merely  are  the  professors  on  the 
faculty  of  an  American  college  en- 
gaged in  real  outside  work,  but  sev- 
eral   lectures    are    given    yearly    by 


engineers  who  are  otherwise  wholly 
engaged  in  practical  work,  and  not 
connected  with  the  college. 

In  America  much  less  importance 
is  attached  to  examinations  than  in 
Great  Britain.  Whether  a  student  is 
worthy  of  a  degree  is  left  to  the  deci- 
sion of  his  professors,  without  the  in- 
tervention of  outside  examiners. 
They  are  greatly  influenced,  they  told 
me,  by  their  estimation  of  the  value 
that  the  student  will  be  to  the  world. 
On  the  other  hand,  America's  judg- 
ment of  a  professor  is  based  on  his 
power  of  attracting  students,  on  the 
demand  shown  by  the  industry  for  the 
men  he  turns  out,  and  generally  on 
the  name  he  makes  for  his  college. 

America  being  a  go-ahead  country, 
and  the  land  of  youth,  one  is  some- 
what astonished  at  being  told  by  vari- 
ous thoughtful  people — from  the 
President  of  the  United  States  down- 
wards— that  there  is  a  growing  im- 
pression that  a  student  should  not 
leave  the  professional  school  until  he 
is  24  or  25  years  old.  For  they  urge 
that,  after  leaving  the  high  school  at 
17  or  18,  he  ought,  before  proceeding 
to  the  professional  school,  go  to  col- 
lege to  learn  "classics  and  culture," 
since  an  engineering  student  should 
receive  considerable  literary  training 
to  fit  him  to  become  the  all-round 
man  who  can  command  commercial 
success.  Some  American  engineers, 
however,  think  that  24  or  25  is  too 
late  for  a  student  to  enter  the  factory, 
and  so  they  suggest,  as  an  ideal 
course  for  an  electrical  engineer, 
something  like  the  following: — At  the 
public  elementary  school,  6  to  14 
years  old;  at  the  public  high  school, 
14  to  17  years;  at  the  university,  17  to 
20  years;  at  the  technical  college,  20 
to  23  years. 

In  England  even  23  would  usually 
be  thought  too  late  to  enter  works, 
because  it  would  be  feared  that  the 
man  might  not  so  readily  take  off  his 
coat  and  buckle  to  as  at  an  earlier  age. 
But  it  must  be  remembered  that  the 
American  students,  while  at  the  tech- 
nical college,  are  taking  part  in  out- 
side work  under  the  practical  engi- 
neers who  are  their  college  teachers. 

Organization  is  a  marked  feature  in 
American  undertakings.  At  any  im- 
portant university,  for  example,  the 
engineering  teaching  is  subdivided 
between  several  professors,  each  giv- 
ing instruction  in  his  own  particular 
branch  or  sub-branch.  In  England, 
on  the  other  hand — even  in  its  capital 
— over  150  students  may  be  found  in 
the  electrical  engineering  department 
of  a  college,  men  carefully  selected  by 
entrance  examinations,  men  giving 
their  whole  time  all  day,  every  clay,  to 
the  study  of  their  profession,  and  yet 
one  single  professor  of  electrical  engi- 


neering, with  a  staff  of  poorly  paid 
assistants,  is  considered  sufficient 
Yearly  some  of  the  students  may  go 
out  into  different  lines  of  electrical 
work,  and  yet  that  professor,  while 
staying  the  greater  part  of  his  time 
inside  the  college  walls,  is  expected  in 
some  miraculous  fashion  to  keep  him- 
self in  practical  touch  with  all  these 
branches  so  that,  no  matter  what  may 
be  the  one  a  student  may  select,  that 
student  shall  be  well  prepared  to  enter 
on  his  profession. 

Educational  authorities  in  America 
agree  with  our  own  in  deprecating  the 
idea  of  one  building,  or  set  of  build- 
ings, being  used  by  students  up  to 
graduation,  and  another  building,  or 
set  of  buildings,  for  post-graduate  stu- 
dents. They  consider  that  one  pro- 
fessor, with  his  staff,  should  give  all 
the  teaching — ante  and  post  graduate 
—in  one  branch.  Ante-graduate  stu- 
dents should  not  feel  that  they  had 
merely  to  acquire  knowledge,  and  that 
its  advancement  should  be  left  solely 
to  the  post-graduate  one.  All  stu- 
dents (junior  or  senior),  all  teachers 
(young  or  old),  should  learn  to  in- 
quire, and  in  order  to  do  so  they 
should  have  the  chance  of  seeing  one 
another  at  work. 

In  fact,  if  the  best  teaching  and  the 
greatest  development  in  each  branch 
is  to  be  secured,  the  Americans  think 
that  the  division  lines  should  be 
drawn  vertically  between  branches  of 
the  subject,  and  not  horizontally  be- 
tween students  of  different  ages. 

As  in  the  American  college,  so  in 
the  factory,  the  effects  of  organization 
are  very  noticeable.  At  a  large  elec- 
trical works  one  man  is  expected  to 
be  the  authority  on  direct-current  ma- 
chinery only,  another  on  single-phase 
alternating-current  machinery  only, 
another  on  polyphase  alternating-cur- 
rent machinery  only,  etc.;  hence  each 
line  receives  constant  development. 

A  comparison  between  students  in 
the  two  countries  shows  that  the 
American  student  is  usually  not  as 
scholarly,  nor  as  well  read,  as  the 
English  student  of  the  same  age,  but 
"he  has  his  knowledge  in  a  better 
form  to  apply."  The  British  system 
turns  out  a  man  full  of  knowledge  and 
principles,  while  the  American  prod- 
uct is  a  business  man  with  a  scientific 
training.  The  characteristics  of  each 
nation  have  their  advantages.  To 
America  we  look  for  that  rapid,  bold, 
and  successful  application  of  science 
to  industry  which  has  brought  about 
the  commercial  invasion  of  the  world, 
while  to  Europe  we  look  for  those 
scientific  imaginings  and  creations 
which  are  apparently  so  unimportant 
to-day,  but  which  to-morrow  revolu- 
tionize old  industries  and  give  birth 
to  new  ones. 
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My  grateful  thanks  are  due  to  all 
my  American  friends  for  the  great 
help  and  the  many  kindnesses  which 
they  have  always  showered  on  me. 
And  even  during  this  last  visit,  when, 
in  order  to  obtain  information,  I  was 
compelled  to  give  them  much  trouble, 
and  when,  to  avoid  deriving  an  ex- 
aggerated impression  of  the  superi- 
ority of  the  young  American  electrical 
engineer,  I  was  forced  to  display  a 
doubtful  and  critical  spirit,  they  in- 
variably showed  that  sweet  and  lov- 
able courtesy  which  I  have  always 
found  so  characteristic  of  their  nation. 


Electric  Meters  in  Light  and 
Power   Service. 

IN  the  early  days  of  electric  light- 
ing, when  meters  were  unknown, 
light  was  sold  on  a  flat-rate  basis. 
This  method  proved  unsatisfactory 
from  the  fact  that  it  could  not  be  con- 
trolled to  receive  pay  for  all  current 
used.  To  make  an  average  rate  that 
would  bring  returns  for  all  current 
used  would  under  the  flat-rate  sys- 
tem make  charges  unreasonable  for 
many  customers,  and  from  this  de- 
mand for  equitable  charges  the  elec- 
tric meter  was  evolved. 

Not  every  one  realizes  how  much 
the  financial  success  or  failure  of  the 
electric-lighting  business  depends  on 
the  meter,  and  George  S.  Carson,  in  a 
paper  read  before  the  Iowa  Electrical 
Association,  has  endeavored  to  create 
a  larger  appreciation  of  this  fact. 

The  first  efforts  in  making  electric 
meters  were  not  very  successful.  The 
moving  parts  were  heavy,  causing  un- 
due friction,  with  the  result  that  the 
meters  proved  unreliable.  Experience 
and  brains,  backed  by  unlimited  capi- 
tal, have  solved  the  problem,  so  that 
to-day  we  have  electric  meters  that 
are  accurate  to  even  a  50  per  cent, 
overload  of  their  rated  capacity.  They 
are  as  far  superior  to  the  first  meters 
made  as  the  fine  Waltham  movement 
is  superior  to  the  Waterbury.  From 
this  we  must  not  judge  that  all  meters 
are  perfect  when  received.  The  rough 
handling  by  transportation  companies 
often  causes  inaccuracies,  and  it  is 
therefore  best  to  test  all  meters  care- 
fully on  receipt.  In  installing  meters 
care  and  good  judgment  must  be  used 
and  directions  of  the  makers  carefully 
followed.  Accurate  registering  can- 
not be  expected  if  these  directions  are 
not  complied  with. 

Notwithstanding  the  proved  accu- 
racy of  the  electric  meters  of  the  pres- 
ent day,  Mr.  Carson  said  that  there 
are  still  many  of  the  lighting  compa- 
nies operating  on  the  flat-rate  system. 
The  question  of  extra  investment  for 
meters    and    trouble    anticipated    in 


changing   to    meter   basis   is   holding 
back  many  from  adopting  their  use. 

On  the  first  question  of  extra  in- 
vestment a  preliminary  test  should  be 
made  to  ascertain  whether  the  install- 
ing of  meters  will  pay  interest  on  the 
investment.  Let  the  companies  who 
are  in  doubt  install  meters  on  the 
switchboard  that  will  register  the  total 
kilowatt  output  of  the  station.  This 
can  be  done  at  a  reasonable  cost. 
Then  from  the  gross  receipts  of  any 
given  month  the  price  received  per 
kilowatt  for  all  current  generated  can 
be  figured.  A  test  of  this  kind  will 
convince  the  most  skeptical  that  on 
the  flat-rate  basis  of  selling  light  the 
receipts  per  kilowatt  are  not  much 
more  than  half  what  they  should  be. 

From  this  it  cannot  be  assumed  that 
the  consumer  will  pay  double  on  the 
meter  basis  over  the  flat  rate,  but  that 
he  will  use  light  only  when  needed, 
and  that  his  economy  in  using  light 
will  reduce  the  peak  load  as  well  as 
the  average  load  on  the  station.  This 
will  permit  taking  on  additional  con- 
sumers and  will  increase  gross  income 
one-third  without  increasing  the  peak 
load  or  the  kilowatt  output  above 
what  it  was  on  the  flat-rate  basis. 

There  is  another  most  important 
reason  why  meters  should  be  used, 
and  that  is  to  ascertain  the  transform- 
er and  line  losses,  and  being  able  to 
locate  them,  so  that  the  plant  may  be 
operated  at  a  high  efficiency. 

A  station  would  not  think  of  mak- 
ing a  donation  of  10  or  20  per  cent,  of 
the  lighting  receipts.  Then  why 
should  it,  in  an  indirect  way,  be  donat- 
ing these  amounts  and  more  to  losses 
in  operation  which  could  be  corrected 
by  the  use  of  electric  meters,  and  a 
system  of  checking  up  leakages  ? 

In  a  central  station  which  Mr.  Car- 
son recently  tested  the  switchboard 
meters  on  2000-volt  two-phase  alter- 
nating-current for  commercial  light- 
ing and  power  purposes  registered  for 
one  month  18,450  kilowatt-hours. 
The  consumers'  meter  total  registered 
13,806,  making  the  loss  4644  kilo- 
watt-hours, or  25  per  cent.,  so  that  the 
current  sold  was  75  per  cent,  of  all 
current  generated.  This  was  in  a  sta- 
tion operating  a  24-hour  service,  with 
a  stoppage  of  six  hours  on  Sundays. 
In  1 90 1  the  system  of  selling  light  in 
this  station  was  changed  from  flat- 
rate  to  meter,  so  that  all  meters  are 
comparatively  new.  All  meters  are 
tested  systematically,  the  meter  test- 
ing being  done  at  the  company's 
office. 

Meter  maintenance  is  now  recog- 
nized as  a  most  important  question  in 
the  successful  operation  of  the  elec- 
tric lighting  and  power  business.  The 
usual  custom  is  to  have  a  regular  test- 
ing department,  so  that  all  meters  are 


taken  down  and  tested  at  regular  in- 
tervals, not  waiting  until  they  show 
inaccuracy.  In  this  way  the  highest 
results  are  obtained,  not  only  in  meter 
accuracy  but  in  testing  transformer 
and  line  losses  of  the  distributing  sys- 
tem. These  tests  will  not  be  an  ex- 
pense that  will  be  felt,  as  the  results 
obtained  will  be  a  certain  gain  in  the 
net  earnings  account. 


Nuernberg  Mechanical  Toys 

ACCORDING  to_ Consul  Joseph 
L.  Langer,  at  Solingen,  Ger- 
many, the  Bavarian  Trade 
Museum  has  adopted  a  novel  idea  to 
interest  as  well  as  to  instruct  the  pub- 
lic and  purchasers  of  toys  by  sending 
out  traveling  lecturers,  who  show  the 
practical  workings  of  the  toys  by 
means  of  models  in  actual  operation. 
Some  of  the  more  interesting  toys 
thus  demonstrated  include: — A  com- 
plete railroad  train,  which  can  be  run 
backward  and  forward,  slow  or  fast, 
and  stopped  at  will;  locomotives,  op- 
erated by  steam  power,  and  other 
steam-driven  machinery,  sold  at 
prices  ranging  from  $10  to  $40;  steam 
turbines  and  crushers;  and  gas,  hot- 
air  and  electric  motors — all  in  actual 
operation. 

Toy  boats  of  all  descriptions  are 
exhibited,  including  a  submarine 
boat,  which  is  shown  at  work  in  a 
basin,  the  basin  also  serving  to  show 
a  diver  (placed  in  a  glass  cylinder), 
who  ascends  and  descends.  The  ex- 
hibits also  include  automobiles,  small 
fountains,  and  mechanical  optical 
toys,  all  shown  in  motion  and  ex- 
plained as  to  the  manner  of  their  man- 
ufacture. 


A  recent  month's  electrical  exports 
from  the  United  States  showed  a  total 
value  of  $830,135.  The  principal  buy- 
ers were: — British  North  America, 
$103,923;  United  Kingdom,  $94,586; 
Japan,  $71,513;  Mexico,  $49,860; 
France,  $38,148;  British  Australasia, 
$12,318;  Argentina,  $8691;  British 
Africa,  $6585 ;  British  East  Indies. 
$6582;  Germany,  $4710;  Colombia, 
$3029;  Philippine  Islands,  $2657; 
Cuba,  $1780. 


An  unusually  large  electric  sign 
adorns  the  new  Butterick  Building,  in 
New  York  City.  The  sign  occupies 
the  entire  side  of  the  building  facing 
the  North  River  and  is  easily  readable 
a  distance  down  the  harbor,  across  in 
New  Jersey  and  a  long  distance  up 
the  Hudson.  The  letter  B  is  68  feet 
high  and  the  other  letters  measure  54 
feet  in  height. 
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Mid-Sea  Wireless  Telegraph  News 

SIGN  OR  MARCONI  recently  ar- 
rived in  New  York  after  a  trip 
from  Liverpool  on  the  Cunarder 
"Campania,"  and  has  again  been 
heard  from  through  the  medium  of 
the  daily  press.  It  is  noticeable,  how- 
ever, that  the  flourish  of  trumpets  that 
formerly  accompanied  this  gentle- 
man's utterances  for  publication  was 
lacking,  and  his  statements  regarding 
the  possibilities  of  his  system,  if  cor- 
rectly reported,  were  much  more  sub- 
dued in  tone  than  of  old. 

The  object  of  Marconi's  present  trip 
appears  to  have  been  to  test  the  effi- 
ciency of  some  novel  receiving  appara- 
tus of  recent  invention,  with  the  view 
of  establishing  daily  mid-sea  news- 
papers on  the  various  trans-Atlantic 
steamships.  These  newspapers  are  to 
receive,  by  the  Marconi  wireless  tele- 
graph system,  200  words  daily,  em- 
bodying the  chief  news  of  the  world — 
not  a  great  budget  of  news,  it  is  true, 
but  the  editors  of  the  mid-sea  journals 
may  be  relied  upon  to  expand  the  news 
a  little.  This  is  assuming  that  the  pro- 
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ject  will  prove  successful.  On  that 
point  there  is  some  doubt,  for  in  the 
interviews  in  question  Mr.  Marconi 
only  states  that  one  of  four  systems 
which  he  tried  on  the  voyage  worked 
better  than  the  others,  and  that  is  the 
system  which  he  thinks  he  will  adopt. 

When  one  recalls  the  glowing  ac- 
counts of  the  Marconi  system  that 
were  given  out  over  three  years  ago, 
it  is  more  than  surprising  to  learn  that 
any  question  remains  at  this  late  day 
as  to  which  of  the  systems  of  that  com- 
pany is  the  best.  That  the  wireless 
news  source  is  not  yet  ready  for  opera- 
tion is  further  shown  by  another  re- 
mark of  the  inventor  to  the  effect  that 
long-distance  experiments  of  sending 
at  sea  will  be  undertaken  within  a  few 
months,  probably  aboard  a  British 
warship.  This  remark  will  doubtless 
blight  the  hopes  of  those  pecuniarily 
interested  ones  who  have  been  edu- 
cated to  the  belief  that  the  Marconi 
long-distance  wireless  system  had 
long  since  passed  the  experimental 
stage,  and  had  nearly  reached  the  divi- 
dend-paying point. 

According  to  the  statement  now 
made,  Marconi  received  signals  from 
Poldhu  at  a  distance  of  1700  miles  east 
of  that  section  during  the  recent  voy- 
age. No  messages,  however,  were 
sent  to  Poldhu  from  the  ship.  The 
reason  of  this  is  obvious.  The  system 
of  vertical  wires  and  the  high  power 
of  the  transmitting  apparatus  at 
Poldhu  are  lacking  on  the  "Cam- 
pania." Consequently,  messages  from 
the  vessel  would  not  be  perceived  at 
Poldhu.  Hence,  while  messages  or 
news  might  be  received  by  the  vessel 
from  Poldhu,  there  would  be  no  means 
of  informing  that  station  whether  or 
not  the  message  had  been  received  on 
shipboard  until  the  arrival  of  the  ship 
at  port.  When,  therefore,  the  news 
service  is  established,  the  dispatches 
from  Poldhu  will  be  cast  upon  the  air, 


probably  at  prearranged  hours,  and  all 
those  who  may  be  able  to  do  so, 
whether  equipped  with  the  Marconi 
apparatus  or  not,  may  pick  up  the 
news.  For  whatever  may  be  said  to 
the  contrary,  it  is  not  likely  that  the 
news  will  be  transmitted  in  cypher ; 
nor  has  the  art  of  selective  signaling 
reached  the  point  where  any  suffi- 
ciently sensitive  receivers  may  not  re- 
ceive the  despatches. 

It  appears  that  doubt  has  been  ex- 
pressed of  the  ability  of  the  general 
operator  to  take  long-distance  wireless 
messages ;  that,  in  other  words,  while 
Marconi  may  be  able  to  receive  long- 
distance signals,  the  general  operator 
is  not  able  to  do  so.  This  can  mean 
only  that  the  general  operator  is  not 
as  expert  as  Marconi  in  the  adjust- 
ment of  the  apparatus,  which  is  possi- 
ble, or  that  furthest,  the  ships  have  not 
been  equipped  with  apparatus  suitable 
for  receiving  long-distance  signals. 
We  incline  to  the  latter  view,  for  it  is 
difficult  to  assume  that  by  this  time 
the  practical  operators  of  the  system 
have  not  acquired  a  skill  in  adjustment 
of  apparatus  equal  to  that  of  Marconi, 
unless  it  be  admitted  that  the  appara- 
tus employed  is  intricate  to  a  degree 
that  would  seem  to  render  its  every- 
day use  impracticable. 

Marconi  had  his  little  pleasantry 
with  the  interviewers.  He  was  polite- 
ly asked  if  the  operation  of  his  latest 
system  for  the  reception  of  news  on 
vessels  in  mid-ocean  could  be  ex- 
plained in  terms  intelligible  to  the  lay 
mind.  To  this  inquiry  he  sagely  re- 
plied that  the  system  consisted  of  "lit- 
tle coils  of  wire  and  little  technical 
things"  which  will  no  doubt  be  readily 
comprehended  by  an  interested  public. 

Marconi  frankly  expressed  the 
opinion  that  the  De  Forest  system  was 
doing  very  well  indeed  in  the  Far  East, 
but  excused  himself  from  saying 
more  on  the  ground  that  his  company 
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was  suing  the  De  Forest  company  for 
infringement  of  patents. 

It  may  be  noted  that  De  Forest  has 
claimed  that  owing,  to  the  sensitiveness 
of  his  receiving  apparatus  and  the 
high  speed  at  which  his  system  is 
operated,  it  is  not  possible  for  systems 
employing"  less  sensitive  and  more 
sluggish  apparatus  to  receive  the  sig- 
nals received  by  his  receiving  appara- 
tus. The  speed  appears  to  be  about 
twenty-five  or  thirty  words  per  min- 
ute. The  maximum  speed  of  receiv- 
ing by  any  of  the  best  known  filings 
coherers  is  about  twelve  or  fifteen 
words  per  minute.  Consequently, 
while  such  coherers  might  be  suffi- 
ciently sensitive  to  respond  to  signals 
transmitted  by  the  De  Forest  system, 
their  inertia  is  usually  so  great  that 
they  would  not  record  the  signals 
transmitted  at  the  higher  rate  intelli- 
gibly, which  is  perhaps  what  De  For- 
est meant  to  imply  by  his  statement. 


No  time  is  lost  in  carrying  the 
heavy  piece  of  work  from  tool  to  tool 
to  be  adjusted  and  fastened  for  each 
separate  one;  it  is  left  in  its  originally 
allotted  place,  to  be  operated  upon  by 
each  tool  in  turn,  or,  preferably,  by 
several  tools  at  once,  as  is  often  pos- 
sible, with  a  degree  of  ease,  rapidity 
and  precision  which  invariably  is  im- 
pressive. 


Electric  Power  and  Portable  Heavy 
Ma.chine  Tools 

TO  most  minds,  portability  in  the 
case  of  a  machine  tool  carries 
with  it  the  suggestion  of  rela- 
tively small  size,  and  a  48-inch  slotting 
machine,  for  example,  would  not  or- 
dinarily be  thought  of  as  a  tool  of  the 
portable  type.  The  advent  of  electri- 
city as  a  motive  power,  however,  has 
brought  some  of  its  striking  results 
into  this  field  as  well  as  into  others  of 
perhaps  better  known  character,  and 
has  given  to  some  of  the  heavier 
machine-shop  equipments  a  flexibility 
of  application  which  has  widely  ex- 
tended their  sphere  of  usefulness  and 
has  correspondingly  simplified  opera- 
tions of  hitherto  awkward  nature. 

The  possibility,  through  electric 
driving,  of  bringing  the  tool  to  the 
work  instead  of  the  work  to  the  tool 
has,  indeed,  led  10  a  degree  of  econ- 
omy in  the  handling  of  material 
which,  in  one  large  engineering  work- 
shop, is  the  immediately  striking  fea- 
ture of  the  place.  An  overhead  elec- 
tric traveling  crane  picks  up  a  heavy 
slotting,  or  shaping,  machine,  or  drill 
press,  or  other  tool  of  required  kind, 
carries  it  the  length  of  the  shop,  if 
need  be,  to  the  work  in  hand,  and  as 
promptly  takes  it  away  after  its  mis- 
sion has  been  accomplished,  to  op- 
erate upon  some  other  piece  of  work, 
or  to  make  room  for  some  other  tool. 
That  portion  of  the  shop  floor  com- 
manded by  the  crane  is  one  huge 
work  table,  slotted  and  grooved  in  all 
directions  for  temporarily  bolting- 
down  the  tools,  and  the  equipment  in 
its  entirety  and  the  method  of  hand- 
ling it  afford  a  splendid  object  lesson 
of  evolution  in  shop  practice. 


Leakages  in  Electric  and  Gas  Plants 

THE  irrepressible  conflict  between 
gas  and  electric  lighting  inter- 
ests finds  vent  occasionally  in 
unexpected  directions.  At  one  time  it 
is  the  gas  advocate  proclaiming  the 
dangerous  nature  of  electric  light 
wires  as  a  frequent  cause  of  all  fires 
that  are  mysterious.  At  other  times 
it  is  the  advocate  of  electricity  raising 
a  warning  voice  against  the  earth- 
filtered,  odorless  illuminating  gas, 
which,  escaping  from  the  leaky  mains, 
enters  our  abodes  undetected,  and 
doubtless  occasions  all  fires  of  which 
the  source  is  not  otherwise  explain- 
able. 

The  truth,  however,  is  that  the  man- 
agers and  directors  of  the  various  elec- 
tric light  and  power  companies  and 
gas  companies  are  much  more  alert  to 
eliminating  all  kinds  of  suppressible 
leakage  and  other  losses  than  the  gen- 
eral public  imagines.  In  both  indus- 
tries there  is  a  large  annual  loss,  more 
or  less  unaccounted  for.  In  the  gas 
industry  a  small  percentage  of  this  loss 
can  fairly  be  attributed  to  actual  leak- 
age from  the  mains,  and  no  expense  is 
spared  to  minimize  this  loss  by  prompt 
and  constant  repairs  and  renewals.  A 
larger  proportion  of  the  gas  sent  out, 
but  not  accounted  for,  may  be  properly 
attributed  to  defective  meters,  and,  in 
the  case  of  street  lighting,  to  a  greater 
consumption  of  gas  in  the  lamps  than 
is  allowed  for  on  the  books,  and  so 
forth. 

The  total  amount  of  unaccounted- 
for  gas,  that  is,  the  difference  between 
the  amount  recorded  by  the  station  gas 
meteis  and  that  recorded  by  the  con- 
sumers' meters,  varies  in  different 
places,  but  probably  it  does  not  exceed 
an  average  of  10  per  cent,  of  the 
amount  of  gas  generated,  of  which, 
perhaps,  less  than  2  per  cent,  may  be 
properly  charged  to  leakage  at  the 
mains.  This  rate  of  leakage  in  the 
larger  cities  amounts  to  about  500 
cubic  feet  of  gas  per  day. 

The  unaccounted-for  gas  loss  is  at 
least  equaled  by  accounted  and  unac- 
counted-for losses  in  the  supplv  of 
electricity  from  central  stations,  where 
it  is  known  to  range  from  10  to  60  per 
cent,  of  the  output.  Comparatively 
little  of  this  loss  is,  however,  due  to 


actual  leakage  of  electricity  from  the 
conductors,  especially  where  the  wires 
are  underground,  since  a  serious  es- 
cape of  current  very  quickly  makes 
itself  felt  in  the  operation  of  the  sys- 
tem, and  thus  leads  to  prompt  detec- 
tion. The  major  losses  are  in  the  con- 
ductors themselves,  in  the  core  losses 
of  the  transformers,  where  transform- 
ers are  used,  and  in  the  recording 
meters  on  the  consumers'  premises. 
Hence,  strictly  speaking,  these  losses 
are  not  unaccounted  for,  since  the  line 
and  core  losses  are  easily  calculated. 

Statistics  indicate  that  in  the  case  of 
gas  and  electricity  supply  the  percent- 
age of  slow-running  meters  is  largely 
in  excess  of  fast-running  meters.  The 
loss  from  this  source  may  perhaps 
amount  to  from  4  to  6  per  cent,  in  the 
case  of  electric  meters.  It  is,  unfor- 
tunately, a  fact  that  in  numerous  in- 
stances central  stations  of  electricity 
supply  are  not  equipped  with  record- 
ing wattmeters,  and,  consequently, 
have  no  check  upon  their  losses. 

Somewhat  apropos  of  this  subject  it 
may  be  noted  that  the  uses  of  electric 
light  are  not  charged  for  light,  but  for 
electrical  energy  when  recording  watt- 
meters are  used,  or,  in  other  words,  for 
kilowatt-hours.  It  is,  therefore,  very 
much  to  the  interest  of  the  user  to  have 
lamps  of  high  efficiency,  but  not  per- 
haps equally  so  to  the  central  station 
manager,  who,  if  it  were  possible,  at 
one  stroke,  to  provide  a  lamp  having 
double  its  present  efficiency,  would 
find  half  his  occupation  gone,  and  for 
this  reason  some  timid  station  mana- 
gers look  askance  and  with  misgivings 
upon  any  improved  lamp  efficiency. 
Such  misgivings  are  unnecessary7, 
since,  almost  without  exception,  ex- 
perience has  shown  that  advances  of 
this  nature  lead  to  increased  use  of  the 
commodity,  and  thus  things  equalize 
themselves.  The  Welsbach  or  Aner 
light  was  an  instance  of  this,  and  the 
gas  people,  to  their  credit,  be  it  said, 
were  quick  to  avail  themselves  of  it. 


Standardizing  the  Power  Plant 

ONE  of  the  most  striking  charac- 
teristics brought  to  light  by  the 
study  of  electric  power  plant 
design  and  operation  in  different  parts 
of  the  world  is  the  diversity  of  means 
employed  to  attain  the  same  ends.  The 
variety  in  generators  and  prime  mov- 
ers affords  the  opportunity  for  inter- 
esting comparisons  of  efficiency,  main- 
tenance, expense  and  behavior  under 
every-day  conditions  of  operation,  but 
it  is  now  coming  to  be  recognized  that 
economy  is  better  served  in  individual 
plants  by  uniformity  in  apparatus  and 
design  than  by  installing  a  veritable 
museum   of   machinery   when   one   or 
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two  types  would  do  the  work  in  hand. 
The  general  run  of  new  systems  is 
now  being  designed  with  the  idea  of 
duplication  in  mind,  but  the  most  cas- 
ual examination  of  the  older  plants 
now  in  operation  plainly  shows  the 
need  of  improved  machinery  and  of 
elimination  of  types  of  apparatus  near- 
ly obsolete. 

This  multiplication  of  forms  is 
largely  the  result  of  the  rapid  develop- 
ments in  electrical  machinery  which 
have  characterized  the  lighting  and 
power  industry  since  its  earliest  days, 
rather  than  any  deliberate  intention  to 
secure  a  variety  of  apparatus  more 
suited  to  the  college  laboratory  than  to 
the  commercial  central  station.  The 
mistake  has  been  made  in  retaining 
the  old  machinery  with  the  new,  in- 
stead of  disposing  of  it  in  favor  of 
more  economical  designs. 

A  case  in  point  is  illustrated  by  a 
lighting,  railway  and  power  plant  re- 
cently visited  in  a  Western  city  of 
about  10,000  inhabitants.  The  boiler 
plant  contained  about  700  H.  P.  in 
equipment,  and  the  engine  room,  500 
K.W.  in  engines  and  generators,  as 
nearly  as  could  be  figured'.  Two  of 
the  boilers  were  of  the  latest  water- 
tube  type,  while  the  other  two  were  of 
the  horizontal  return  tubular  pattern, 
having  a  capacity  about  40  per  cent, 
as  large  as  the  former.  The  eight  en- 
gines were  all  horizontal,  single-cyl- 
inder, non-condensing  machines,  most 
of  them  being  so  old  that  the  steam 
pressure  had  to  be  kept  at  80  pounds 
instead  of  the  160  for  which  the  boil- 
ers were  designed,  while  the  dynamos 
consisted  of  two  direct-current  112- 
volt  generators,  one  inductor  alter- 
nator, two  bi-polar  railway  machines, 
three  Thomson-Houston  arc  machines 
and  three  small  composite  wound  al- 
ternators belted  to  the  engine.  The 
dynamo  room  was  lighted  by  enclosed 
arc,  open  arc  and  incandescent  lamps ; 
there  were  one  marble  and  three 
wooden  switchboards,  while  the  steam 
piping  was  without  the  slightest  flexi- 
bility or  by-pass  arrangements  for  use 
in  time  of  trouble.  The  evening  load 
was  large  enough  to  require  the  opera- 
tion of  every  engine  and  generator 
that  could  be  pressed  into  service,  and 
the  two  attendants  in  charge  of  the 
machinery  were  kept  moving  from  en- 
gine to  engine  without  the  slightest  in- 
termission in  the  intense  nervous 
strain  of  preventing  overheated  bear- 
ings and  breakdowns.  Above  the  ma- 
chinery the  wiring  ran  through  the 
wooden  rafters  in  a  network  which 
threatened  the  life  of  any  employee 
venturing  aloft  when  current  was  on, 
and  the  condition  of  the  plant,  as  re- 
gards the  fire  risk,  was  decidedly  haz- 
ardous. 

The  opportunity   for  cutting  down 


losses  in  this  station  is  probably  large 
enough  to  warrant  the  purchase 
of  condensers,  new  compound  engines 
and  direct-connected  generators  to  re- 
place the  present  inefficient  outfit. 
There  is  no  reasonable  doubt  that  the 
operation  of  so  many  small,  separate 
machines  of  old  design,  would  work 
out  as  far  from  economical  when  com- 
pared with  the  results  which  would  be 
attained  with  a  few  large  units.  Elec- 
tric lighting  practice  has  now  reached 
the  point  where  the  old  direct-current 
open  arcs  can  safely  be  replaced  by 
alternating  lamps  ;  the  alternating-cur- 
rent stationary  motor  has  long  since 
demonstrated  its  fitness  for  almost 
every  work  which  can  be  performed 
by  its  direct-current  prototype,  and 
even  the  electric  railway  has  been 
forced  to  consider  the  prospect  of  do- 
ing away  with  continuous-current  mo- 
tive power. 

It  is  safe  to  say  that  one  of  the  en- 
gine room  attendants  could  be  dis- 
pensed with  if  new  machinery  were 
adopted,  or  to  put  the  matter  another 
way,  each  man  could  easily  look  after 
twice  the  amount  of  apparatus  in  K. 
W.  capacity  than  he  can  manage  at 
present. 

Floor  space,  already  over-crowded, 
would  be  economized;  the  rewiring 
of  the  plant  to  a  single  fireproof 
switchboard  would  largely  reduce 
the  chance  of  a  fire  which  would 
put  the  station  out  of  business  for  a 
costly  period,  and  the  cost  and  incon- 
venience of  repairs  would  certainly  be 
greatly  reduced  by  the  adoption  of  uni- 
form machinery  and  the  storage  of 
interchangeable  spare  parts.  Opera- 
tion would  be  simplified,  the  invest- 
ment in  high-pressure  boilers  would 
become  no  longer  a  source  of  loss,  the 
steam  piping  could  be  made  flexible 
at  slight  expense — in  short,  the  entire 
plant  appears  to  offer  an  attractive  op- 
portunity for  the  adoption  of  modern 
equipment. 

These  are  days  when  every  indus- 
trial manager  sits  down  at  his  desk 
with  the  text  of  economy  in  his  mind, 
and  the  production  of  electricity  in 
central  stations  is  just  as  dependent 
upon  modern  equipment  for  financial 
success  as  is  the  manufacture  of  shoes 
and  clothing.  The  railways  have 
found  out  that  it  does  not  pay  to  re- 
tain obsolete  locomotives  and  worn 
out  cars  in  service,  and  it  is  time  that 
the  owners  and  managers  of  electric 
plants  applied  the  same  lesson  to  their 
growing  business. 


Railways  in  China. 

THE  first  railway  in  China  was 
built  in  1897,  and  extended 
from  Peking  to  Tientsin,  a  dis- 
tance of  75  miles.  It  has  since  been 
extended  to  Shanhaikwan,  an  addi- 
tional distance  of  91  miles.  From 
Peking  there  is  a  road  to  Tungtschu, 
a  distance  of  18.6  miles.  The  main 
road,  however,  is  the  Lu-han  Rail- 
road, extending  through  Pechili,  Ho- 
nan,  and  Hupe  to  Hankau,  with  a 
total  length  of  652  miles.  There  are 
a  number  of  branches  to  this  road. 
One  of  these  starts  at  Tschongtingfu, 
extending  to  Tai  Juanfu,  the  capital 
of  Shansi,  a  distance  of  155  miles. 
Farther  south  is  the  undertaking  of 
the  Peking  syndicate,  an  English 
company.  In  northern  China  is  the 
Kiao-chau-Tsinanfu  Railroad,  186 
miles  long.  Railroads  have  been 
planned  from  Peking  to  Kiachta  and 
from  Tientsin  to  Chinkiang,  and  a 
Belgian  company  has  a  concession  to 
build  a  road  from  Honan  south  from 
the  Yellow  River.  Other  lines  in 
China  are  the  following: — Shanghai- 
Wusung,  12  miles;  Canton-Fatschan, 
18  miles;  Shanghai-Nankin,  174 
miles.  

Sudden  fires  have  sometimes  started 
in  chemical  cleaning  and  dyeing  works 
when  the  workmen  drew  the  cleared 
woollen  material  from  the  bath.  Ac- 
cording to  "Electrochemical  Indus- 
try" it  was  found  that  when  using  ben- 
zine the  woollen  material  in  moving 
about  became  positively  charged  with 
electricity  and  the  benzine  negatively. 
On  removing  the  material  a  spark  dis- 
charge might  take  place  and  the  ex- 
plosive mixture  of  benzine  vapor  and 
air  be  ignited.  By  the  addition  of  a 
small  amount  of  oleate  of  magnesium 
to  the  benzine,  however,  the  conduc- 
tivity of  the  latter  is  considerably  in- 
creased, and  no  charge  can  be  stored 
up  in  it,  thus  avoiding  any  possible 
discharge  through  the  woolen  ma- 
terial.   

The  uses  of  the  X-rays  are  many, 
and  sometimes  marvelous,  in  a  certain 
sense;  also,  there  are  times  when  they 
greatly  embarrass  those  subjected  to 
them.  It  is  reported  that  peculations 
were  discovered  some  time  ago  in  the 
Japanese  mint,  and  some  of  the  em- 
ployees were  supposed  to  have  swal- 
lowed gold  coins  of  small  denomina- 
tions. These  coins  were  detected  in 
the  stomachs  of  the  suspected  persons 
upon  testing  them  the  aid  of  X-rays. 


According  to  official  statistics,  the 
total  annual  production  of  the  coal  of 
the  world,  exclusive  of  lignite, 
amounts  to  something  over  700,000,- 
000  tons. 


According  to  recent  figures,  water 
power  to  the  extent  of  238,000  H.  P., 
derived  from  the  Alpine  districts,  is 
used  in  miscellaneous  French  indus- 
tries. 


Interurban  Electric  Railways  in  the  United  States 


By  DAY  ALLEN  WILLEY 


SOME  of  the  Americans  who  vis- 
ited the  Berlin  Exposition  in 
1879  enjoyed  the  novelty  of  rid- 
ing in  a  car  propelled  by  electric  mo- 
tors along;  a  miniature  railroad  1000 
feet  in  length.  It  was  not  until  five 
years  later,  however,  in  1884,  that  the 
first  street  railway  to  use  the  electric 
current  in  the  United  States  was  com- 
pleted   in    Kansas    City,    Mo.     This, 


too,  was  largely  an  experiment,  so 
that  the  era  of  the  construction  of  the 
electrical  railways  in  this  country 
properly  begins  with  the  13-mile  line 
built  in  the  city  of  Richmond,  Va.,  by 
Frank  J.  Sprague  in  1888. 

Progress  from  that  time  on  was 
rapid,  so  that  in  1890  about  1300 
miles  had  been  completed  in  different 
cities  by  144  companies,  with  2900 
motor  cars  in  operation.  The  truly 
marvelous  expansion  of  this  method 
of  transportation  is  shown  by  the  fact 
that  in  ten  years  the  mileage  had  in- 
creased to  nearly  18,000,  requiring 
nearly  51,000  cars,  while  the  number 
of  companies  had  increased  to  971. 
To-day  it  is  estimated  by  conservative 
authorities  that  fully  two  billion  dol- 
lars have  been  invested  in  the  con- 
struction of  electric  street  and  subur- 
ban systems,  representing  20,000 
miles,  and  probably  no  community  of 
15,000  in  the  country  is  without  a  mo- 
tor car  line. 


After  providing  the  people  of  the 
various  cities  with  a  network  of  routes 
by  which  to  travel  from  center  to  su- 
burbs, it  was  only  natural  that  the 
railway  builders  should  realize  the 
need  of  suburban  lines  as  well,  and  it 
is  needless  to  say  that  the  residence 
towns  bordering  on  so  many  of  the 
principal  communities  are  due  to  the 
bonds  of  steel  connecting  each  with 
the  city  of  which  it  really  forms  a 
part.  This  work  may  be  called  the 
second  stage  in  the  development  of 
the  electric  railway. 

We  have  now  arrived  at  the  begin- 
ning of  the  third  stage,  which  may 
eclipse  even  both  of  its  predecessors 
in  importance.  The  operation  of 
what  is  known  as  the  interurban  elec- 
tric railroad  has  demonstrated  beyond 
question  that  it  is  not  only  practicable 
but  profitable  as  well,  offering  a  new 
and  limitless  field  to  the  capitalist,  the 
engineer  and  the  contractor.  While 
the  trolley  has  been  extensively  used 
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in  the  building  of  these  railroads  be- 
tween cities,  the  inauguration  of  long- 
distance electric  lines  means  a  radical 
change  in  their  construction  from  the 
plans  usually  followed  in  cities,  and 
possibly  the  passing  of  the  trolley, 
since  the  method  of  overhead  trans- 
mission may  be  replaced  by  another 
system.  Jt  is  not  too  much  to  predict 
that  the  new  era  of  transportation  will 


be  a  decided  advancement  on  the 
present  systems  of  electric  propulsion, 
not  only  from  the  practical  standpoint, 
but  from  the  artistic  point  of  view  as 
well. 

If  a  map  of  the  United  States  were 
drawn  to  include  the  various  interur- 
ban  electric  railways,  it  would  be 
especially  noticeable  for  the  number 
which   have   already  been   completed 


or  are  under  construction  in  New 
York  State,  in  Southern  Michigan, 
Ohio,  Indiana,  Illinois  and  Southern 
Wisconsin.  Naturally  the  majority 
of  the  enterprises  have  been  taken  up 
as  the  extension  of  urban  roads  and 
terminate  either  within  the  limits  of 
some  important  community  or  in  its 
suburbs. 

It  is  obvious  that  Chicago  would 


May,  J  904 


THE      ELECTRICAL      AGE 


321 


naturally  be  one  of  the  centers  of  this 
development,  and  at  present  three  of 
the  larger   internrban   lines   are   con- 
nected with  it, — the  Chicago  &  Joliet, 
extending  parallel  with  the  drainage 
canal;  the  Aurora,  Elgin  &  Chicago, 
and  the  Chicago  &  Milwaukee,  now 
completed  as  far  as  Waukegan,  Wis., 
a  distance  of  40  miles.    Besides  these, 
five  other  roads  have  been  completed 
to  points  at  least  25  miles  beyond  the 
city,  and  the  majority  will  be  extend- 
ed to  points  in  Wisconsin,  Illinois  and 
Indiana.      From    Milwaukee    several 
lines  radiate,  and  with  the  system  op- 
erated within  the  city  limits,  comprise 
240  miles  of  track.     One  of  these  ex- 
tends south  to  Kenosha,  leaving  a  gap 
of  but  16  miles  between  its  terminus 
and  the  end  of  the  Chicago  &  Milwau- 
kee Railroad.     This   extension  is   to 
be  built  during  the  coming  year,  form- 
ing  a    90-mile    system    between    the 
cities  mentioned  and  providing  them 
with  three  rail  routes. 

The'  cities  of  Indianapolis.  Terre 
Haute  and  Fort  Wayne  in  Indiana; 
Cleveland  and  Toledo  in  Ohio ;  De- 
troit and  Ann  Arbor  in  Michigan,  are 
also  objective  points  for  electric  sys- 
tems varying  in  length  from  25  to 
nearly  100  miles,  and  in  the  majority 
of  instances  constructed  to  transport 
not  only  passengers,  but  express  mat- 
ter, freight  and  baggage  as  well. 
They  are  also  equipped  with  mail 
cars.  A  conservative  estimate  of  the 
amount  invested  in  projects  of  this 
character  in  Indiana  alone  during  the 
last  two  years  places  it  at  nearly  $40,- 


AN   ELECTRIC   LOCOMOTIVE  ON   THE  BUFFALO    &   LOCKPORT   RAILWAY.       BUILT  BY   THE 
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000,000,  while  the  official  records  of 
the  State  of  Illinois  indicate  that  the 
mileage  of  internrban  roads  thus  far 
constructed  represents  an  outlay  of 
fully  $50,000,000. 

In  New  York  State  the  cities  of 
Buffalo,  Rochester  and  Syracuse  may 
be  included  in  the  list  of  centers  of 
this  activity.  Rochester  is  connected 
with  nearly  every  town  of  importance 
within  30  miles  of  it  by  the  electric 
car,  while  extensions  are  being  built 
which  promise  to  link  it  with  Syra- 


DRILLING  FOUR  RAIL  ENDS   AT  ONE  TIME  FOR  TRACK  BONDING. 
BY   A   GASOLINE   ENGINE   IN    THE   CAR 


POWER  IS  FURNISHED 


cuse  and  Buffalo  in  the  near  future. 
The  passenger  can  board  a  car  in  the 
center  of  the  city  and  ride  to  the  town 
of  Sodus,  a  distance  of  32  miles,  with- 
out leaving  his  seat,  and  in  another 
direction  he  can  travel  a  distance  of 
nearly  50  miles. 

Buffalo  and  Lockport  are  connect- 
ed by  an  electric  system  somewhat 
novel,  from  the  fact  that  it  is  used 
almost  exclusively  for  moving  freight 
trains.  It  is  equipped  with  electric 
locomotives  specially  designed  for 
heavy  service,  and,  with  the  excep- 
tion of  the  method  of  transmitting 
current,  is  quite  similar  to  the  Belt 
line  through  the  city  of  Baltimore. 

The  principal  electric  railway  out 
of  Syracuse  has  recently  been  com- 
pleted to  Auburn,  a  distance  of  26 
miles.  It  was  constructed  to  com- 
pete with  a  branch  of  the  New  York- 
Central  system  between  the  cities-. 
This  line  is  a  notable  instance  of  the 
ability^  to  maintain  a  high  rate  of 
speed  on  heavy  grades  by  using  the 
electric  current.  In  some  places  the 
ascents  are  as  heavy  as  9  per  cent., 
while  one  of  the  grades,  which  aver- 
ages 3-i-  per  cent,  for  the  entire  dis- 
tance, is  1  mile  in  length.  The  over- 
head trolley  is  used.  The  track  is 
laid  with  rails  as  heavy  as  in  service 
on  the  ordinary  steam  road,  and  the 
bed  is  heavily  ballasted  with  stone. 
It  is  calculated  that  the  run  can  be 
made  between  the  cities  in  less  than 
an  hour,  stopping  at  the  principal  sta- 
tions which  lie  along  the  route.  The 
company  expects  to  obtain  its  revenue 
from  a  population  aggregating  165,- 
000,  and  to  carry  freight  as  well  as 
passengers. 

AmonQ-  the  svstems  in  Southern 
Michigan,    already    referred    to,    two 
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may  be  considered  as  representing  the 
most  advanced  type  of  those  using  the 
overhead  line  for  interurban.  service. 
They  are  the  Grand  Rapids,  Holland 
&  Lake  Michigan,  and  the  Lansing, 
St.  Johns  &  St.  Louis  roads.  The 
former  connects  Grand  Rapids  with 
the  eastern  shore  of  Lake  Michigan, 
reaching  the  ports  of  Muskegon  and 
Grand  Haven.  It  consists  of  two 
branches,  and  while  principally  used 
at  present  for  passenger  traffic,  is  in- 
tended also  to  transport  fruit  to  the 
lake  ports  and  to  Grand  Rapids,  as  it 
passes  through  a  section  which  pro- 
duces a  large  quantity  of  fruit  annu- 
ally. Cars  especially  designed  for 
this  purpose  are  to  be  utilized. 

The  Lansing,  St.  Johns  &  St.  Louis 
is  being  completed  between  the  capi- 
tal of  the  State  and  the  town  of  St. 
Louis,  almost  directly  north.  It  trav- 
erses two  of  the  most  thickly  settled 
counties  of  Michigan,  through  which 
pass  several  steam  railroad  lines,  and 
to  a  certain  extent  is  their  competitor. 
The  completed  section  between  Lan- 
sing and  St.  Johns,  however,  is  secur- 
ing such  a  large  amount  of  passenger 
traffic  that  the  promoters  believe  the 
road  will  be  an  extremely  profitable 
venture.  It  is  intended  to  extend  it 
further  south  to  form  a  portion  of  the 
network  of  interurban  lines  which  ter- 
minate at  Detroit,  and  will  in  a  few 
vears  reach  across  the  State  to  Grand 
Rapids. 

One  of  the  notable  third-rail  sys- 
tems at  present  in  operation  in  the 
United  States  extends  between  the 
suburbs  of  Chicago  and  Elgin,  111. 
In  the  formation  of  the  roadbed,  the 
weight  of  the  rails  and  other  features, 
it  bears  a  strong  resemblance  to  the 
modern  steam  system,  and  the  trains 
upon  it  are  operated  on  a  schedule  of 
speed  averaging  nearly  40  miles  an 
hour.  The  possibility  of  a  much 
higher  scale,  however,  has  been  dem- 
onstrated by  tests  made  over  the  line 
in  which  a  single  car  was  run  from 
one  end  to  the  other,  a  distance  of  34. 
miles,  in  35  minutes,  a  rate  of  over  58 
miles  an  hour,  including  time  in  run- 
ning- slowly  over  thirteen  crossings. 

The  Aurora,  Elgin  &  Chicago  line 
is  constructed  along  a  private  right  of 
way  and  not  upon  a  public  road,  as  is 
the  case  with  many  interurban  lines. 
Two  tracks  have  been  laid  upon  a 
considerable  portion  of  the  roadbed, 
and  it  is  intended  to  equip  the  line 
with  double  track  throughout.  In 
Pennsylvania  a  road  is  being  com- 
pleted which  represents  the  most 
modern  features  of  the  third-rail  sys- 
tem. It  is  intended  to  afford  both 
passenger  and  freight  service  between 
the  towns  of  Wilkesbarre,  Scranton, 
Pittston  and  Carbondale,  a  distance 
of  35  miles. 
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ELECTRIC  LOCOMOTIVE  TYPES  FROM  THE  GENERAL  ELECTRIC  COMPANY.      BUILT  FOR  THE  BALTIMORE       &  OHIO  BELT  LINE  AT  BALTIMORE 


Owing   to   the   topography   of   the 
country,       Messrs.       Westinghouse, 


Church,  Kerr  & 
whose  supervision 
constructed,    were 


Company, 
the  road  is 


under 
beins: 


obliged    to    solve 


some  unusually  difficult  engineering 
problems.  The  methods  followed  in 
the  building  of  the  ordinary  steam 
railroad  were  adopted,  requiring  a 
number  of  very  deep  cuts  as  well  as  a 
large  amount  of  masonry  and  filling- 
in.  On  the  section  between  Scranton 
and  Pittston  alone  there  are  fourteen 
steel  bridges,   and   at   one  point  the 


tracks  are  carried  over  a  steel  viaduct 
684  feet  in  length  and  93  feet  at  its 
greatest  height.  Another  viaduct 
near  the  Wilkesbarre  terminus  is  554 
feet  long.  The  rails  are  laid  in  rock 
ballast  ranging  from  1  foot  to  2  feet 
in  depth,  the  current-conducting  rail 
being  placed  at  the  inner  side  of  each 
track  at  the  edges  of  the  ties. 

Provided  with  motors  of  300  horse- 
power, each  car  can  maintain  an  aver- 
age speed  of  50  miles  an  hour  when 
carrying  its  full  complement  of  pas- 
sengers, but  the  speed  frequently  ex- 


m 


■ 

it  : 


A    TRAIN    ON    THE    AURORA-ELGIN-CHICAGO    LINE 


ceeds  a  mile  a  minute.  Between 
Scranton  and  Wilkesbarre,  a  distance 
of  approximately  21  miles,  there  are 
six  stations.  The  time  schedule  pro- 
vides for  a  run  over  this  section  in 
40  minutes,  including  all  stops. 

Current  for  the  road  is  generated  at 
Scranton.  Transformers  are  placed 
in  sub-stations  at  convenient  points 
between  the  terminals.  The  passen- 
ger coaches  will  seat  sixty  people, 
each  having  smoking  compartments 
to  accommodate  twenty-five.  Com- 
bination cars  for  passengers  and  bag- 
gage have  been  provided,  with  seats 
for  forty-two  people.  The  Lacka- 
wanna &  Wyoming  Valley  Railway, 
as  it  is  called,  is  of  unusual  interest, 
not  only  because  it  represents  the 
most  advanced  stage  of  American 
electric  railway  construction,  but  also 
because  it  is  situated  in  a  section  of 
Pennsylvania  which  is  already  well 
provided  with  transportation  facili- 
ties. 

In  the  suburbs  of  Dayton,  Ohio, 
the  unique  spectacle  is  presented  of 
three  transportation  routes  entering 
the  city  side  by  side — two  using  elec- 
tricity and  one  using  steam  as  a 
means  of  propulsion.  They  comprise 
a  modern  steam  railroad,  a  waterway 
on  which  the  boats  are  towed  by  elec- 
tric motors,  and  an  interurban  trolley 
line.  In  an  extensive  area  of  territory 
they  are  competitors  for  freight  traf- 
fic, but  the  annual  reports  of  the  com- 
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parries  operating  them  show  that  the 
competition  thus  far  has  not  dimin- 
ished their  average  revenues.  But 
parallel  systems  in  which  steam  and 
electricity  are  employed  for  motive 
power  are  the  rule  rather  than  the  ex- 
ception, for,  as  already  intimated,  the 
majority  of  the  interurban  railways 
have  not  been  constructed  in  parts  of 
the  country  otherwise  destitute  of 
transportation  facilities.  The  ten- 
dency has  been  to  build  them  where 
the  steam  railroads  are  comparatively 
numerous. 

One  can  now  board  a  trolley  car  in 
the  suburbs  of  New  York  and  ride  to 
Boston  by  this  means,  with  the  excep- 
tion of  only  a  few  miles,  and  these  will 
be  spanned  in  the  near  future.  The 
country  through  which  this  line 
passes  is  interspersed  with  a  network 
of  rails  on  which  the  ordinary  steam 
locomotive  is  in  service.  This  state 
of  affairs  is  true  also  in  New  Jersey 
and  Pennsylvania,  where  electric  rail- 
ways have  been  extended  to  connect 
Philadelphia  and  Jersey  City,  despite 
the  fact  that  two  of  the  principal  trunk 
lines  of  the  United  States  are  in  opera- 
tion between  these  two  cities. 

Statistics  are  available  by  which  a 
comparison  can  be  made  between  the 
cost  of  operating  some  of  the  routes 
maintained  in  the  West.  It  costs  the 
Union  Traction  Company,  which 
owns  one  of  the  principal  lines  ter- 
minating at  Indianapolis,  a  little  over 
50  per  cent,  of  its  entire  earnings  to 
maintain  its  train  service.     A  recent 


annual  report  gives  the  percentage  as 
51.9.  The  Cleveland,  Cincinnati,  Chi- 
cago &  St.  Louis  parallels  the  Union 
Traction  Company's  system.  Al- 
though the  former  is  one  of  the  high 
standard  railroads,  its  ratio  of  operat- 
ing expense  to  earnings  is  18  per  cent, 
more  than  that  of  its  competitor. 

The  Lorain  &  Cleveland  Electric 
Railway  is  operated  at  actually  less 
than  50  per  cent,  of  its  gross  receipts 
yearly.     It  passes  through  a  portion 


of  Northern  Ohio  which  is  also 
reached  by  the  New  York,  Chicago 
&  St.  Louis  and  the  Lake  Shore  & 
Michigan  Southern  trunk  lines.  The 
last  is  known  as  one  of  the  most  eco- 
nomically managed  systems  in  the 
world,  its  percentage  of  operating  ex- 
penses to  earnings  being  less  than  65, 
but,  as  indicated,  its  electric  competi- 
tor is  maintained  for  20  per  cent.  less. 

The  returns  made  to  the  Interstate 
Commerce  Commission  offer  another 
basis  for  comparison.  These  returns 
show  that  while  the  average  earnings 
per  mile  from  passenger  traffic  on 
steam  railroads  in  the  United  States 
in  a  single  year  amounted  to  $1674, 
the  average  earnings  of  the  interur- 
ban electric  roads  were  $3800  per 
mile,  or  nearly  2-|  times  as  much,  yet 
during  the  same  period  the  average 
fare  per  mile  received  by  the  compa- 
nies using  steam  was  2.003  cents 
while  the  electric  companies  averaged 
only  1.3  cents,  indicating  that  they 
secured  a  much  larger  passenger  traf- 
fic in  proportion  to  their  mileage  than 
their  competitors.  The  difference  in 
the  cost  of  operation  has  already  been 
referred  to,  but  when  it  is  stated  that 
some  of  the  electric  lines  have  actually 
earned  39  cents  per  car  mile  in  a  year 
from  the  freight  business  alone  after 
deducting  the  cost  of  operation, — 14.2 
cents, — a  better  idea  of  their  possible 
profit  can  be  realized. 

The  remarkable  increase  in  the 
mileage  of  city  railways  noted  since 
1890  is  due  largely  to  the  fact  that 
people  have  been  educated  to  the  val- 
ue of  the  time  saved  by  this  means  of 
transit  from  one  part  of  a  community 
to  another.  A  large  percentage  of 
the  patrons  of  trolley  cars  are  those 
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who  were  accustomed  to  walk-  the  mile  or  so  between 
their  homes  and  offices  before  the  advent  of  the  electric 
motor.  The  operation  of  internrhan  electric  roads  has 
also  aroused  a  desire  to  patronize  them  among  the 
population  residing  along  the  route,  even  if  they  have 
the  facilities  of  a  steam  railroad. 

A  number  of  instances  of  this  kind  have  been  noted 
in  the  West,  one  being  in  connection  with  Cherry 
\  alley,  111.,  situated  about  midway  between  the  towns 
of  Rockford  and  Belvidere.  About  two  years  ago  an 
electric  railway  was  constructed  between  the  last 
named  communities,  passing  through  Cherry  Valley. 
The  road  parallels  two  steam  railroads  which  also 
have  stations  at  Cherry  Valley.  The  passenger  traffic 
obtained  by  the  older  companies  in  a  year  from  the 
community,  however,  has  not  represented  5  per  cent, 
of  its  total  population.  When  the  electric  cars  began 
running  the  company  kept  a  record  of  the  number  of 
passengers  from  Cherry  Valley  who  traveled  over  their 
line  to  the  terminals.  In  a  year  it  was  found  that  the 
figures  represented  no  less  than  one-third  of  the  entire 
population. 

The  fact  that  electric  cars  can  stop  at  cross-roads 
and  other  points  in  the  rural  districts  undoubtedly 
caused  them  to  be  patronized  largely  by  the  farming 
class,  who  thus  avoided  a  drive  of  perhaps  4  or  5  miles 
to  the  nearest  railway  station.  An  examination  of  the 
reports  of  some  of  these  systems  show  a  surprisingly 
large  percentage  of  revenue  from  what  might  be  called 
town-to-town  traffic, — passengers  picked  up  at  road 
corners.  In  this  respect  the  electric  system  has 
already  become  such  a  competitor  of  the  steam  lines 
in  some  portions  of  the  country  that  the  latter  have 
been  obliged  to  considerablv  reduce  their  tariffs  in 
order  to  hold  their  own. 


The   Allis-Cha.lmers    Company's    Big   Water    T^nk 

THE  Allis-Chalmers  Company  are  having  erected 
at  their  West  Allis  works,  Milwaukee,  what  is 
said  to  be  the  largest  elevated  steel  water  tank 
ever  built  for  a  private  concern.  It  is  to  form  a  part 
of  the  fire  protection  system,  and  will  connect  with  the 
sprinkler  apparatus  recently  installed  throughout  the 
buildings.  The  tank  is  22  feet  in  diameter  and  28  feet 
high,  and  will  hold  100,000  gallons  of  water.  The 
bottom  of  the  tank  is  shaped  like  the  bottom  of  a 
kettle,  instead  of  flat,  thus  doing  away  with  all  dead 
pressure.  A  10-inch  pipe  connects  the  tank  with  the 
sprinkler  pipes.  A  steel  coil  encircles  the  superstruc- 
ture, and  jets  of  steam  can  be  forced  into  the  tank  from 
the  boiler  house  in  the  winter,  to  prevent  freezing. 
The  Chicago  Bridge  &  Iron  Works  have  the  contract 
for  its  erection.  Its  extreme  height  of  164  feet  above 
the  ground  level,  added  to  the  148  feet  elevation  of  the 
plant  itself,  makes  the  new  structure  visible  for  miles 
in  all  directions. 


In  erecting  a  large  generator  having  a  bed-plate  to 
which  the  bearing  pedestals  were  bolted,  it  was  found 
that  the  shaft  had  no  end-play.  The  erecting  engi- 
neer, according  to  the  Electric  Club  "Journal,"  there- 
fore had  the  bearings  taken  out  and  faced  off  to  give 
the  shaft  the  proper  amount  of  end-play,  and  reported 
to  the  factorv  that  the  machine  had  been  shipped  de- 
fective in  this  respect.  An  investigation  brought  to 
light  the  fact  that  the  middle  of  the  bed-plate  had 
sagged,  tilting  the  two  bearings  and  bringing  them 
nearer  together,  so  that  the  space  originally  allowed 
on  the  shaft  for  end-play  was  taken  up.  The  bearings 
were  of  the  self-aligning  type,  so  that  this  tilting  had 
not  interfered  with  the  alignment  of  the  bearings. 


The  Telephone  System 


By  C.  J.  H.  WOODBURY 


From  an  Address  before  the  Insurance  Society  of  New  York, 


WHEN  one  removes  the  tele- 
phone from  its  hook  and 
presently  holds  conversation 
with  another  person  there  is  set  up  a 
train  of  operations  possible  only  un- 
der concurrent  action  of  science  and 
handicraft,  labor  and  capital.  It  may 
be  worth  while  to  trace  some  of  the 
steps  and  the  results  towards  which 
they  are  tending  in  modifying  meth- 
ods of  life  in  business  and  personal 
affairs. 

The  writer  will  discuss  the  tele- 
phone system  rather  than  the  tele- 
phone as  an  instrument,  an  invention 
which  is  the  most  delicate  piece  of 
philosophical  apparatus  yet  made  by 
man,  in  that  it  is  operated  by  less 
energy  than  any  other  device.  The 
telephone  system  ministers  to  the 
needs  of  civilization  in  lengthening 
the  potent  life  of  mankind  by  the  utili- 
zation of  time.  The  telephone  differs 
from  all  other  electrical  devices  in  that 
it  is  the  only  electrical  appliance  which 
does  not  require  skill  on  the  part  of  its 
users.  It  is  equally  the  servant  of 
all, — a  polyglot;  it  speaks  all  lan- 
guages and  acts  as  a  faithful  messen- 
ger for  the  whole  gamut  of  sounds. 

The  endeavor  to  communicate 
sounds  by  vibrations  is  not  a  new  one. 
The  string  telephone  was  described 
by  Dr.  Robert  Hooke  in  his  book  on 
"Ontacousticons"  in  1667;  but  over  a 
century  earlier  the  transmission  of 
vibrations  to  a  diaphragm  was  applied 
during  the  second  siege  of  Rhodes,  in 
September,  1552,  as  related  in  the  his- 
tory of  the  Knights  of  Malta  by  Major 
Whitworth  Porter.  In  this  siege  the 
Turks  sunk  shafts  and  drove  galleries 
beneath  the  principal  bastions.  Ga- 
briel Martingo,  a  Venetian  engineer, 
in  charge  of  the  fortifications,  exca- 
vated pits  into  which  he  inserted  long 
rods,  against  the  upper  ends  of  which 
he  placed  a  drum,  and  the  vibrations 
of  the  earth  in  the  tunnels  made  by 
the  Turks  were  transmitted  to  this 
drumhead,  which  enabled  the  knights 
to  determine  their  location  and  to  sink 
countermines  and  destroy  the  advance 
of  the  enemy  in  this  manner. 

As  an  example  of  the  wish  to  ex- 
tend the  limits  of  speech  by  means  of 
electricity,  reference  is  made  to  "Har- 
per's Magazine"  for  June,  1867,  where 
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it  is  related,  on  page  131,  that  after  a 
telegraph  office  was  burned  an  instru- 
ment was  temporarily  installed  in  a 
carpenter's  shop. 

One  noon  the  instrument  clicked 
vigorously,  and  the  carpenter  placed 
his  lips  to  the  instrument  and  shouted, 
"Operator's  gone  to  dinner;  be  back 
in  half  an  hour,''  in  the  meantime  re- 
ceiving a  shock  on  his  lips,  which 
served  for  remembrance. 

This  man  had  the  desire,  thought 
and  conception  in  his  endeavor  to  ap- 
ply electrical  apparatus  to  the  trans- 
mission of  speech,  but  he  did  not  ac- 
complish his  purpose  and  failed  to 
produce  an  invention. 

Before  tracing  the  operation  of  the 
events  set  in  action  by  the  removal  of 
the  telephone  from  the  hook,  let  us 
follow  the  lines  from  the  instrument 
to  the  switchboard  in  the  latest  type 
of  telephone  system.  On  the  way 
from  the  subscriber's  instrument,  if 
any  portion  of  the  wires  are  aerial, 
protectors  are  inserted  in  the  line  for 
the  purpose  of  defending  the  instru- 
ment against  other  electric  currents 
imposed  upon  it  by  possible  contact 
between  telephone  wires  and  those  of 
electric  light  or  power  circuits,  or  even 
lightning,  any  of  which  would  disar- 
range the  delicate  wires  in  a  telephone, 
some  of  which  are  so  fine  that  three 
and  nine-tenths  miles  would  weigh  a 
pound.  These  protectors  are  so  sen- 
sitive that  they  would  shut  from  the 
telephone  the  battery  currents  used  in 
telegraphing;  and  in  like  purpose  the 
other  ends  of  the  lines  at  the  telephone 
central  stations  are  equipped  with  pro- 
tectors to  exclude  the  whole  range  of 
electric  currents  applied  for  lighting, 
power,  the  numerous  signalling  sys- 
tems, and  also  lightning. 

The  form  of  apparatus  used  by  the 
Bell  telephone  companies,  who  are 
especially  careful  in  this  regard,  con- 
sists of  a  device  inserted  in  each  line, 
three-fold  in  its  nature.  The  first  ele- 
ment consists  of  a  fuse  made  of  an 
alloy  which  forms  part  of  the  circuit 
and  is  contained  in  a  tube  of  vulcan- 
ized fiber.  These  fuses  will  deflagrate 
when  exposed  to  currents  of  seven  to 
ten  amperes,  the  capacity  of  the  fuse 
being  varied  according  to  the  type  of 
the  apparatus. 


The  next  element  consists  of  a  pair 
of  small  blocks  of  carbon,  whose 
larger  surface  measures  about  1  by  1^ 
inches  and  is  connected  to  the  tele- 
phone circuit.  The  corresponding 
block  of  the  pair  of  carbons  is  sepa- 
rated from  it  by  a  perforated  sheet  of 
mica  and  is  electrically  connected  with 
the  earth.  A  small  cavity  in  one  of 
the  opposite  faces  of  the  carbon  is 
filled  with  a  button  of  solder,  such  as 
is  used  in  automatic  sprinklers,  and 
which  melts  at  1650  Fahrenheit. 

The  distance  between  these  carbons 
is  such  that  electricity  at  350  volts  will 
pass  from  the  carbon  connected  with 
the  telephone  circuit  across  this  space 
to  the  opposite  carbon  and  thence  to 
the  earth,  thereby  relieving  the  tele- 
phonic apparatus  of  electric  tension 
exceeding  350  volts. 

Thus,  if  the  foreign  current  exceeds 
the  carrying  capacity  of  the  tubular 
fuse,  its  deflagration  opens  the  circuit 
at  that  point.  If,  however,  it  is  less  in 
volume  than  the  carrying  capacity  of 
the  fuse,  and  over  350  volts  tension, 
it  leaps  across  the  thin  space  separat- 
ing the  carbons,  and  thence  passes  to 
earth.  The  resistance  of  the  tiny  arc 
in  the  space  between  the  carbons  is 
sufficient  to  slightly  warm  the  carbons 
and  cause  the  fusible  metal  to  flow 
from  its  recess  and  fill  the  space  be- 
tween the  carbons,  thus  establishing 
a  conductor  of  low  resistance  to  earth. 

This  diminished  resistance  general- 
ly causes  a  sufficient  increase  in  the 
current  imposed  upon  a  line  to  de- 
flagrate the  tubular  fuse  and  open  the 
circuit,  if  it  did  not  do  so  on  the  first 
occurrence  of  the  contact  which  im- 
posed the  foreign  current  on  the  tele- 
phone circuit. 

In  order  to  protect  the  fine  wires  of 
the  telephonic  apparatus  from  injury 
by  currents  which  are  too  small  to  op- 
erate the  tubular  fuse,  or  of  too  low 
tension  to  pass  to  earth  through  the 
carbon  cut-outs,  a  third  element, 
known  as  the  heat  coil,  is  employed. 
In  this  device  a  fine  German  silver 
wire,  which  forms  a  part  of  the  tele- 
phone circuit,  will  be  heated  by  a  cur- 
rent of  one-sixth  of  an  ampere  to  a 
temperature  sufficient  to  release  a  con- 
ductor ordinarily  secured  by  fusion 
solder,  and  pass  the  current  to  earth. 
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This  device  is  not  used  at  the  sub- 
scriber's end  of  the  line  in  those  mod- 
ern types  of  telephonic  apparatus  in 
which  the  circuit  is  normally  open,  ex- 
cept when  the  telephone  is  in  use,  be- 
cause heat  coils  are  an  interference 
with  the  best  conditions  of  telephone 
service  by  adding  to  the  electrical 
length  of  the  line.  If  a  foreign  cur- 
rent came  in  contact  with  the  tele- 
phone line  at  a  time  when  the  instru- 
ment was  in  use,  it  would  produce 
noises  to  an  extent  as  to  absolutely 
prevent  the  transmission  of  speech, 
and  the  user  of  the  telephone  would 
naturally  place  the  receiver  on  the 
hook  and  thereby  open  the  circuit. 

The  results  secured  with  this  pro- 
tective apparatus  have  been  so  suc- 
cessful as  to  establish  in  the  Bell 
system  of  telephony,  after  an  experi- 
ence of  many  years,  conditions  of 
immunity  against  mishaps  to  the  ap- 
paratus resulting  from  foreign  cur- 
rents and  lightning.  A  telephone 
office  thus  equipped  appears  to  be,  like 
a  locomotive,  the  safest  refuge  in  a 
thunderstorm.  Notwithstanding  the 
number  and  range  of  location  of  tele- 
phone central  stations,  it  has  not  been 
possible  to  obtain  information  of  any 
injury  by  lightning  to  any  person  in 
such  a  place. 

Following  the  course  of  the  lines 
from  the  subscriber's  instrument,  the 
aerial  wires  are  of  copper  treated  by 
the  hard-drawn  process,  as  commer- 
cial copper  is  too  ductile  and  has  but 
little  resiliency,  not  returning  to  its 
original  length  when  stretched  by  a 
load  of  snow  or  by  a  low  temperature. 

Hard-drawn  copper  might  be 
classed  as  one  of  the  modern  inven- 
tions which  the  ancients  stole,  if  the 
accounts  of  early  implements  may  be 
accepted,  but  investigations  showing 
that  bronze  had  been  supposed  to  be 
copper  have  absolved  them  of  antici- 
pating the  work  of  Mr.  Thomas  B. 
Doolittle.  He  produced  hard-drawn 
copper  by  omitting  the  annealing  dur- 
ing the  latter  part  of  the  process,  and 
obtained  wire  which  retains  the  elec- 
trical conductivity  of  commercial  cop- 
per while  its  tensile  strength  is 
doubled,  and  it  is  also  divested  of  the 
tendency  to  continually  stretch  under 
its  own  weight. 

The  substitution  of  hard-drawn 
copper  wire  for  iron  wire,  which  was 
formerly  used,  has  increased  the  limit 
of  telephone  conversation  about  four 
times,  and  by  its  better  conductivity 
has  diminished  the  waste  of  electricitv 
in  telegraphy,  electric  lighting  and 
transmission  of  power,  or,  in  other 
words,  has  extended  the  limits  of  then- 
application. 

For  local  use,  the  wires  used  in  tele- 
phony are  generally  one-tenth  of  an 
inch    in    diameter;    for   long-distance 


lines  wires  about  one-sixth  of  an  inch 
in  diameter  are  used.  The  contact  of 
these  wires  with  those  used  for  light- 
ing or  power,  to  which  reference  has 
been  made,  is  not  the  only  difficulty, 
for  the  mere  proximity  of  other  wires 
conducting  powerful  currents  will,  if 
they  are  of  changing  polarity,  produce 
by  induction  sympathetic  currents  in 
the  telephone  wires,  which,  acting  on 
the  telephone,  will  occasion  noises 
which  at  times  interfere  with  the 
transmission  of  speech,  furnishing  ex- 
amples of  wireless  telephony  which 
are  impediments  to  the  usual  service. 

This  interference  by  induction  is 
minimized  by  transposing  the  wires 
on  the  cross-arms,  the  result  being 
that  these  disturbing  elements  will 
counteract  each  other.  Underground 
cables  are  arranged  in  twisted  pairs  so 
that  they  are  immune  to  inductive  in- 
fluences. 

An  aerial  line  is  subject  to  the  at- 
tacks of  all  kinds  of  disintegrating 
conditions,  decaying  poles,  falling 
branches,  etc.,  but  it  would  be  as  un- 
feasible to  make  a  pole  line  equal  to 
withstanding  the  stress  of  all  weather 
as  it  would  be  to  make  the  rigging  of 
a  vessel  equal  to  resisting  the  impact 
of  all  storms.  During  a  recent  winter 
the  destruction  of  aerial  telephone, 
telegraph  and  electric  light  lines  in 
New  England  was  estimated  to  be 
greater  than  the  loss  by  shipwreck  on 
the  New  England  coast. 

Every  possible  precaution  must  be 
taken  to  avoid  contact  between  high- 
tension  and  signalling  lines,  rather 
than  to  rely  upon  protective  devices 
to  defend  the  plant  against  physical  in- 
jury, because  the  operation  of  a  pro- 
tector suspends  the  service  over  that 
line  for  the  time  being.  At  cross- 
overs it  is  preferable  that  the  high- 
tension  line  should  be  above,  as  its 
wires  are  of  larger  diameter  and  gen- 
erally fewer  in  number  than  those  of 
the  signalling  line.  Whenever  high- 
tension  and  signalling  wires  approach 
one  another  every  precaution  should 
be  taken  to  provide  against  possible 
contact  by  the  use  of  heavy  material 
in  construction,  particularly  guys  and 
braces  to  the  poles. 

The  aerial  lines  pass  from  the  poles 
into  underground  conduits  in  the  con- 
gested parts  of  cities,  passing  from 
the  mishaps  of  storms  and  crosses  to 
other  difficulties  which  are  largely 
those  of  greater  expenditure  and  elec- 
trical problems. 

Conditions  of  safety  and  good  ser- 
vice require  that  an  underground  tele- 
phone system  should  not  also  include 
lines  of  electric  lighting  and  power 
circuits,  serious  mishaps  having  oc- 
curred in  the  few  instances  where  the 
attempt  has  been  made  to  place  these 
diverse   types   of  electric  circuits  ad- 


jacent to  each  other  in  the  same  un- 
derground system. 

The  underground  system  is  older 
than  the  aerial  system  of  electric  con- 
ductors in  applied  electricity,  for  a 
portion  of  Morse's  telegraphic  inven- 
tions consisted  of  methods  for  burying 
wires,  but  the  first  seven  miles  of  a 
line  out  of  Baltimore,  which  were  laid 
underground  in  lead  pipes  placed  in  a 
plough  furrow,  were  inoperative. 

A  foreman  on  the  work,  because  he 
could  not  bury  the  wires  along  the 
stone  viaduct  at  Relay  Station,  placed 
them  on  poles,  with  cattle  horns  from 
a  neighboring  slaughter  house  as  in- 
sulators. The  expedient  proved  so 
successful  that  the  remainder  of  the 
line  to  Washington  was  built  in  the 
same  manner,  the  first  portion  being 
also  reconstructed. 

Underground  conduits  for  tele- 
phone cables  consist  of  groups  of  con- 
tinuous ducts,  generally  three  inches 
in  diameter,  and  are  made  of  vitri- 
fied tile,  cement  monoliths  reinforced 
with  iron,  or  creosoted  timber.  Every 
few  hundred  feet  these  conduits  lead 
to  an  underground  chamber,  which 
provides  a  means  of  access  to  the 
cable  from  above  for  the  purpose  of 
joining  the  ends  of  sections  of  the 
cables  together,  installing  branch 
lines,  making  repairs,  etc.  The  un- 
derground cables  generally  consist  of 
about  200  twisted  pairs  of  wires,  in- 
sulated with  paper,  the  whole  being 
covered  with  a  lead  sheath. 

The  electrical  difficulties  of  tele- 
phoning through  underground  con- 
ductors were  at  first  prohibitive  in 
their  nature,  but  improvements  en- 
abled this  to  be  done  later,  although 
in  the  face  of  conditions  which  ren- 
dered 1  mile  of  underground  the 
equivalent  of  52  miles  of  overhead 
wire.  In  the  modern  cable  1  mile  of 
underground  is  the  equivalent  of  28 
miles  of  overhead  copper  wire  one- 
sixth  of  an  inch  in  diameter,  or  12^ 
miles  of  overhead  copper  wire  one- 
tenth  of  an  inch  in  diameter. 

The  conditions  of  underground  op- 
eration are  so  severe  that  on  long  lines 
it  is  necessary  to  pass  around  inter- 
mediate cities  in  order  to  avoid  the  in- 
stallation of  an  underground  system. 
In  the  suburbs  of  large  cities  are 
switching  stations  which  provide  con- 
nections whereby  messages  are  sent 
by  branch  lines  direct  into  the  cities, 
or  are  permitted  to  continue  on  the 
main  line  to  places  beyond. 

The  terminals  of  the  underground 
cable  at  the  telephone  central  station 
emerge  from  their  lead  sheaths  and 
are  spread  out  upon  a  large  iron 
rack,  known  as  the  distributing 
frame,  '  where  the  insulated  wires 
are  equipped  with  protectors  for  the 
same   purpose   as  those   at   the   sub- 
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scriber's  instrument;  the  wires  arc 
changed  from  the  order  in  which  they 
arc  received  from  the  cable  to  another 
classification,  and  thence  to  a  similar 
rack,  called  the  intermediate  frame, 
where  they  are  grouped  to  the  indi- 
vidual operators.  This  latter  ar- 
rangement may  be  changed  from  time 
to  time,  as  the  number  of  telephones 
to  which  an  operator  can  give  atten- 
tion varies  according  to  the  character 
of  the  service;  that  is,  a  business 
house  conducting  much  of  its  affairs 
by  telephone  uses  many  messages  a 
day  and  requires  more  of  an  opera- 
tor's time  than  a  residence,  with  its  in- 
frequent use  of  the  telephone. 

The  grouping  of  the  use  of  the  tele- 
phone may  well  serve  as  the  basis  of  a 
sociological  study  of  the  habits  and 
customs  of  a  community,  but  for 
studying  the  conditions  of  service  for 
which  provision  must  be  made  the 
number  of  communications  each  hour 
of  the  whole  day  is  taken  from  time  to 
time,  and  the  result  is  plotted  in  a  dia- 
gram whose  hills  and  valleys  indicate 
the  relative  load  of  service  on  the  sys- 
tem. 

In  all  cases,  the  night  use  between 
7  p.  m.  and  7  a.  m.  is  a  small  propor- 
tion of  the  day  use,  and  while  these 
calls  are  largely  of  the  important  na- 
ture of  emergency  calls  for  fire 
department,  physician  or  police,  yet 
in  number  they  are  only  slightly  over 
1  per  cent,  of  the  calls  of  the  whole 
twenty-four  hours.  But  the  calls  dur- 
ing the  clay  begin  to  increase  suddenly 
at  some  hour  in  the  forenoon,  after 
the  morning  mail  has  received  atten- 
tion, and  approaches  the  congestion 
limit  in  the  middle  of  the  day,  falling 
off  suddenly  as  offices  are  being 
closed  and  resuming  activity  in  the 
larger  cities  late  in  the  afternoon, 
when  arrangements  for  dinner  or 
theatre  are  being  made. 

In  the  West  the  general  business 
day  is  longer  than  in  the  East,  while 
in  New  York  the  plotted  diagram  in- 
dicates by  the  short  duration  of  the 
extremely  busy  period  that  many 
might  avail  themselves  of  Charles 
Lamb's  excuse  to  the  bureau  officer 
in  the  East  India  Company's  office, 
and  make  amends  for  being  late  at 
their  desks  in  the  morning  by  leaving 
earlier  in  the  afternoon. 

The  short  time  taken  for  lunch,  or, 
indeed,  its  omission,  in  New  York 
does  not  make  a  sufficient  break  in 
business  affairs  to  produce  a  depres- 
sion in  the  curve,  while  in  another  city 
the  depression  is  so  great  as  to  sug- 
gest a  noon-day  dinner  at  home,  fol- 
lowed, perhaps,  by  a  nap  of  forty 
winks. 

The  total  amount  of  telephone  line 
of  the  Bell  system  throughout  the 
United  States  averages  3.29  miles  per 
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line  to  each  telephone  instrument. 
Excluding  the  long-distance  lines,  55 
per  cent,  of  this  is  underground. 

When  a  person  calls  up  another 
telephone,  the  average  line-plant  at 
his  disposal  is  6.58  miles;  truly  "it  is 
cheaper  to  talk  than  to  travel." 

The  function  of  the  switchboard  is 
merely  to  place  the  ends  of  the  wires 
from  one  telephone  in  electrical  con- 
tact with  those  of  any  other  telephone 
in  the  exchange,  with  suitable  signals 
for  calling  the  operator  and  the  per- 
son addressed.  This  system  has  been 
so  amplified  until  one  human  voice 
can  reach  to  districts  including  con- 
siderably more  than  half  of  the  popu- 
lation of  the  United  States;  and  the 
interlacing  has  been  so  complete  that 
its  service  reaches  the  smaller  vil- 
lages. 

the  first  switchboards  were  based 
upon  the  telegraphic  device  of  placing 
any  two  of  half  a  dozen  lines  in  con- 
tact, the  further  development  merging 
the  principle  of  the  annunciator,  used 
in  hotels  or  in  passenger  elevators,  in 
which  a  falling  target,  or  shutter, 
called  in  a  like  manner  the  attention 
of  the  operator.  With  the  needs  of 
the  patrons  the  switchboard  grew; 
new-  features  were  added  and  old 
methods  were  discarded;  every  im- 
provement meant  an  abandonment  of 
former  devices. 

In  these  new  switchboards  the 
dropping  shutter  has  been  supplanted 
by  the.  flash  of  a  lamp  to  signal  the 
operator.  The  turning  of  a  crank  to 
generate  a  current  for  moving  a  shut- 
ter is  no  longer  necessary;  when  the 
subscriber  removes  the  telephone 
from  the  hook  he  is  ready  to  begin. 
Galvanic  batteries  are  no  longer  in- 
stalled at  the  subscriber's  equipment, 
but  the  whole  of  the  electric  ener°:v  is 
supplied  by  storage  batteries  at  the 
telephone  central  station. 

When  the  subscriber  removes  the 
telephone  from  the  hook,  which  is 
merely  an  electric  switch  arranged  to 
be  operated  in  this  manner,  without 
conscious  effort  on  the  part  of  the 
subscriber,  a  small  electric  bulb,  about 
the  size  of  the  end  of  a  lead  pencil  and 
imbedded  in  the  switchboard,  be- 
comes illumined  with  an  opalescent 
glow  which  attracts  the  attention  of 
the  operator.  The  operator  inserts  a 
plug  at  the  end  of  flexible  conductors 
into  a  small  socket  perforating  the 
face  of  the  switchboard  just  below  the 
electric  light,  this  corresponding  to 
the  telephone  of  the  subscriber,  and 
the  socket  guides  the  plug  to  contact 
with  the  ends  of  the  wires  from  the 
subscriber's  telephone.  The  insertion 
of  the  plug  in  the  socket  also  extin- 
guishes the  signal  light. 

A  touch  upon  an  electric  key  places 
the    operator's    telephone    in    circuit 


with  the  telephone  of  the  subscriber, 
who  hears  the  inquiry  for  the  number 
wanted.  On  receiving  directions,  the 
operator  inserts  the  plug  at  the  other 
end  of  the  same  flexible  conductor 
into  the  socket  corresponding  with 
the  telephone  wires  of  the  party  de- 
sired, and  this  lights  one  of  a  pair  of 
signal  lamps  imbedded  in  the  table 
projecting  from  the  front  of  the 
switchboard. 

If,  however,  the  operator  hears  a 
click  on  inserting  the  second  plug,  he 
knows  that  this  is  a  signal  that  the  de- 
sired line  is  in  use  elsewhere  on  the 
board  and  the  line  is  reported  as  being 
"busy."  It  is  more  personal  trouble 
for  an  operator  to  report  a  line  as  be- 
ing busy  than  it  is  to  complete  the 
connection. 

When  the  party  called  to  the  tele- 
phone removes  the  instrument  from 
the  hook  to  receive  the  message  this 
light  on  the  table  becomes  extin- 
guished. After  both  persons  have  fin- 
ished talking,  the  hanging  of  their 
telephones  on  the  hooks  flashes  the 
pair  of  lamps  on  the  table,  which  glow 
until  the  operator,  perceiving  the  sig- 
nal, pulls  both  of  the  plugs  from  their 
sockets. 

If,  instead  of  a  subscriber  at  the 
same  switchboard,  one  is  desired  at 
another  exchange,  the  proceeding  be- 
comes more  complicated,  and  many  of 
the  arrangements  of  the  modern  tele- 
phone central  station  and  methods  of 
administration  are  designed  to  pro- 
vide for  this  extension  of  the  service. 

When  a  call  is  received  such  that  the 
operator  cannot  reach  a  line  directly 
to  the  desired  telephone,  the  call  is 
transmitted  by  an  office  line  to  a  spe- 
cial operator  at  another  switchboard, 
where  it  is  noted  on  a  memorandum 
blank  and  the  time  automatically  re- 
corded by  means  of  a  clock  register- 
ing stamp;  then  the  call  is  transmitted 
by  trunk  lines  to  the  desired  telephone 
central  station,  or,  it  may  be,  to  some 
station  which  can  reach  the  desired 
subscriber.  In  some  instances  it  is 
necessary  to  transmit  the  message 
through  a  greater  number  of  tele- 
phone offices,  each  one  building  up 
the  line  by  additions,  and  every  op- 
erator also  keeping,  by  means  of  the 
time  stamp  or  memorandum  blanks,  a 
record  of  the  hour  and  minute  of  each 
step  from  the  initial  call  to  the  final 
termination  of  the  conversation  and 
the  release  of  the  lines.  These  memo- 
randum blanks  are  compared  bv 
clerks  and  must  balance  as  in  other 
book-keeping,  and  form  the  authority 
for  the  charge  for  the  service. 

In  some  instances,  where  there  is  a 
great  load  of  service  on  long-distance 
lines,  the  communication  from  one 
central  station  to  another  by  the  op- 
erators for  the  purpose  of  obtaining 
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the  desired  party  at  the  telephone  is 
carried  on  by  telegraphing  over  the 
telephone  lines;  for  there  are  methods 
by  which  this  can  be  done  without  in- 
terfering with  the  transmission  of  con- 
versation at  the  same  time  on  the 
identical  wires,  these  lines  branching 
near  their  terminals,  where  each  class 
of  electrical  currents  is  transmitted  to 
its  proper  instrument,  whether  of  the 
telegraph  or  the  telephone  system. 

A  telephone  switchboard  is  an  ex- 
ception to  general  forms  of  construc- 
tion in  that  the  cost  per  unit  increases 
at  a  greater  rate  than  the  enlarge- 
ment. This  is  due  to  the  fact  that 
the  operator  who  receives  a  call  from 
a  subscriber  must  be  able  to  reach  the 
terminals  leading  from  the  switch- 
board to  any  other  telephone,  or  to 
the  switchboards  at  other  stations, 
and,  therefore,  each  set  of  telephone 
wires  must  have  as  many  sockets  and 
branches  as  there  are  operators'  sec- 
tions at  the  switchboard. 

For  example,  in  a  small  switch- 
board with  two  operators'  sections 
there  would  be  two  sets  of  such 
branches  and  sockets  for  each  tele- 
phone line,  while  in  a  large  switch- 
board with  fifty  operators'  sections 
there  would  be  fifty  sets  of  such  con- 
nections for  each  telephone  line  in- 
stead of  two  sets  mentioned  in  the  first 
instance,  the  number  of  this  class  of 
connections  multiplying  twenty-five 
times  for  each  telephone. 

This  increase  of  complication  of 
detail  growing  upon  itself  would 
reach  a  prohibitive  cost  in  large  cities 
had  it  not  been  found  feasible  to  de- 
part from  the  original  plan  of  one  cen- 
tral telephone  station  in  each  city,  and 
to  introduce  a  modification  by  appor- 
tioning large  cities  into  telephone  dis- 
tricts, each  with  its  telephone  station 
connected  to  the  others  by  numerous 
trunk  wires. 

There  are  other  precedents  in  con- 
struction where  an  increase  in  size 
adds  disproportionately  to  the  cost; 
as,  for  instance,  bridges,  where  the 
expense  of  a  larger  span  is  dispropor- 
tionately greater  than  that  of  a  smaller 
one  of  equal  strength;  in  a  like  man- 
ner large  pipe  organs  cost  more  per 
unit  of  capacity  than  smaller  ones. 

A  telephone  switchboard  is  a  mar- 
vel of  complexity  of  detail  in  extreme 
contrast  to  the  simplicity  of  operation, 
and  no  one  person  can  have  the  repute 
of  its  design,  it  being  one  of  the  few 
inventions  developed  by  the  concerted 
efforts  of  many  experts  working  to- 
gether for  a  purpose. 

The  mechanical  intricacy  of  the 
modern  switchboard  may  well  be  ap- 
preciated by  the  fact  that  even  with 
present  methods  of  special  machinery 
and  the  organized  application  of 
skilled  artisanship,  it  requires  as  long 


to  make  and  install  a  large  switch- 
board as  it  does  to  build  and  equip  a 
merchantman,  from  one  to  more  than 
two  years,  while  the  cost  of  the  cen- 
tral station  plant  may  reach  $1200 
per  foot  of  length  for  the  larger 
switchboards,  and  perhaps  half  that 
cost  per  foot  for  a  switchboard  ade- 
quate for  a  city  of  50,000  inhabitants. 

These  central  station  costs  are  a 
small  detail  of  the  whole  cost  of  the 
system,  although  it  represents  the 
greatest  concentration  of  value  and 
forms  the  vital  part  of  the  whole  ex- 
change. 

There  is  an  exaggerated  opinion  of 
the  damageability  of  a  switchboard  by 
water,  and  while  it  is  perfectly  true 
that  it  must  be  thoroughly  dry  for 
practical  operation,  yet  switchboards 
have  been  thoroughly  wet  and  re- 
stored to  good  service  by  drying  out. 
It  is  the  general  custom  to  provide 
waterproof  covers  for  switchboards  as 
well  as  for  generators  and  motors 
whenever  it  is  thought  that  there  is 
any  hazard  of  a  water  damage  due  to 
fire  in  other  parts  of  the  building, 
which  might  cause  an  interruption  in 
the  service. 

One  of  the  floating  statements 
which  probably  originated  in  the  head 
of  some  one  set  to  the  task  of  filling  a 
funny  column,  runs  to  the  effect  that 
a  glass  of  water  would  cause  $1000 
damage  in  a  switchboard,  this  state- 
ment being  absolutely  false. 

When  a  switchboard  is  started  in 
the  service,  the  elements  of  its  active 
demolition  begin;  repairs  and  adjust- 
ments are  necessary,  extensions  are 
needed  for  increased  capacity,  wear 
and  tear  has  been  outclassed  by  the 
more  iconoclastic  depreciation  from 
subsequent  invention,  and  in  a  few 
years  the  old  board  becomes  obsolete 
and  the  expensive  apparatus  is  burned 
for  the  intrinsic  value  of  the  copper 
which  it  contains. 

The  telephone  business,  in  its  com- 
plications on  the  one  hand  and  its 
close  relations  with  the  needs  of  its 
patrons  on  the  other,  is  one  requiring 
active  zeal.  As  a  certain  French  pris- 
oner in  the  Bastile  could  always  see 
an  eye  at  a  hole  in  an  upper  corner  of 
his  cell  following  his  every  movement, 
so,  with  as  vigilant,  although  more 
agreeable  an  espionage,  there  is  al- 
ways an  ear  waiting  at  the  office  end 
of  a  telephone  line  to  take  the  direc- 
tions of  the  subscribers  in  giving  ser- 
vice. 

Under  American  conditions  the 
equipment  of  the  plant  and  its  at- 
tendance must  be  adequate  enough  to 
give  practically  instantaneous  service 
at  all  times,  even  though  the  demands 
at  night  are  but  slight  in  comparison 
with  the  requirements  of  the  day. 

The    striking    feature    of   the    two 


great  applications  of  electricity  which 
are  used  by  the  public,  the  street  car 
and  the  telephone,  is  that,  however 
complex  their  mechanism,  their  use 
is  extremely  simple.  There  is,  how- 
ever, no  premium  on  ignorance  in  the 
use  of  the  telephone,  either  by  sub- 
scriber or  operator. 

It  has  been  a  matter  of  slow  growth 
for  the  subscribers  at  large  to  use  the 
telephone  in  the  best  and  simplest 
manner,  that  is,  to  speak  clearly  rather 
than  loud,  and  to  avoid  the  use  of  un- 
necessary words  in  calling  for  the 
number  wanted.  Operators  are  pre- 
pared by  a  short  course  in  a  special 
training  school  which  differs  from 
other  institutions  of  learning,  except 
West  Point  and  Annapolis,  in  that 
they  are  under  pay  during  the  period 
of  tuition. 

The  result  of  such  systematic  work 
in  connection  with  improved  appara- 
tus in  New  York  has  reduced  the  time 
of  making  complete  local  connections 
during  the  last  five  years  3.9  sec- 
onds, which  may  appear  a  short  time 
to  any  one  except  when  waiting  at  a 
telephone, — or  looking  at  a  gun, — but 
this  small  amount  of  time,  when  ap- 
plied to  all  the  telephone  connections 
of  the  Bell  system  in  the  United 
States,  amounts  to  10,098  hours  a  day 
saved  of  the  subscribers'  time,  or 
about  3.9  years  in  eight-hour  days. 
The  saving  of  time  in  disconnections, 
largely  owing  to  the  common  battery 
switchboard  signalling  the  operator 
by  lights  rather  than  shutters,  enables 
the  lines  to  be  released,  when  a  con- 
versation is  at  an  end,  3  2-3  times  as 
rapidly  as  formerly,  this  being  of  great 
advantage  to  the  subscriber  in  making 
repeated  calls. 

This  vast  system  provides  for  9,- 
322,951  calls  per  day,  or  nearly  2,500 
calls  a  year  originating  at  each  tele- 
phone, and  this  means  that  an  equal 
number  of  calls  are  received  on  the 
average  telephone;  each  telephone, 
therefore,  is  in  use,  on  an  average, 
5000  times  a  year.  Why  wonder,  then, 
that  these  conversations,  concentrated 
for  the  most  part  in  the  middle  of  the 
day,  sometimes  interrupt,  and  "the 
line  is  busy;  please  call  again." 

This  interruption  has  been  largely 
diminished  of  late  years;  first,  by  the 
vise  of  two  telephones  by  the  sub- 
scriber, one  being  omitted  from  the 
telephone  book,  so  that  it  is  not  sub- 
ject to  interruption  by  calls,  and  being 
therefore  always  free  for  use. 

The  second  step  in  the  development 
of  the  use  of  the  telephone  is  an  ex- 
ample of  the  modern  principle  of  the 
subdivision  of  matters  in  the  conduct 
of  business  affaiis,  each  element  being 
attended  to  by  one  excelling  in  that 
branch.  In  telephony  this  is  done  by 
concentrating  the  lines  from  the  sev- 
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eral  telephones  in  an  establishment  to 
one  desk,  where,  under  the  service  of 
a  skilled  attendant,  the  desired  con- 
nections are  obtained. 

When  teiephone  central  stations 
were  first  established  the  names  and 
positions  of  the  subscribers  on  the 
switchboard  were  known  to  operators 
with  good  memories ;  but  an  epidemic 
of  measles  occurring  in  a  town 
equipped  with  telephones,  a  physician 
on  the  board  of  directors  of  the  tele- 
phone company  viewed  with  alarm 
the  possible  condition  of  affairs  if 
more  than  two  of  the  four  operators 
should  be  taken  with  the  measles,  and 
proposed  therefore  that  the  subscrib- 
ers should  he  numbered. 

His  associates  demurred,  as  they 
were  of  the  opinion  that  the  subscrib- 
ers would  give  up  their  telephones 
sooner  than  submit  to  the  indignity  of 
being  known  by  number,  but  in  view 
of  the  contingency  of  the  service  be- 
ing paralyzed,  they  finally  yielded,  and 
to  the  surprise  of  all,  the  new  arrange- 
ment was  cheerfully  accepted  by  the 
subscribers,  who  appreciated  the  im- 
provement in  the  service  which  re- 
sulted from  the  change. 

Essential  as  the  telephone  now  is  to 
the  conduct  of  affairs,  no  one  can 
state,  except  as  a  general  principle, 
why  a  person  subscribes  for  a  tele- 
phone. While  a  large  town  uses  more 
telephones  than  a  small  one,  the  ratio 
of  telephones  to  population  differs 
materially  in  various  places  to  an  ex- 
tent beyond  what  may  be  attributed 
to  the  personal  energy  of  those  in 
charge  of  local  affairs;  and  in  a  like 
manner  the  relation  of  the  number  of 
telephones  to  the  number  of  horses, 
electric  lights,  business  houses,  as- 
sessed valuations,  or  any  other  of  the 
details  of  census  enumeration,  fails  to 
afford  any  basis  of  close  comparison. 

However,  there  are  several  lines  of 
general  similarity  which  cannot  be 
tabulated  in  the  logic  of  numbers. 
Where  highways  are  bad,  there  is  a 
large  amount  of  toll  line  telephone 
traffic.  A  hilly  town  uses  far  more 
telephones  than  a  similar  one  on  flat 
territory,  and  in  some  particulars  one 
in  a  warm  climate  appears  to  give 
more  patronage  than  a  similar  town 
in  a  cool  climate;  all  of  which  shows 
that  there  is  force  in  the  injunction, 
"Don't  travel;  telephone." 

The  telegraph  is  not  adapted  to  the 
transmission  of  the  Chinese  written 
language,  and  messages  are  necessari- 
ly translated  into  some  modern  lan- 
guage, and  after  receipt  rendered 
back  into  Chinese.  The  telephone 
can  be  used  by  Chinamen  who  under- 
stand each  other's  dialect,  of  which 
there  are  about  75  varieties  in  China. 
There  is  a  Chinese  switchboard  in 
San  Francisco  at  which  the  operators 


must  know  the  four  principal  dialects 
of  the  provinces  which  furnish  the  im- 
migrants to  this  country. 

As  an  example,  the  sign  for  "Tele- 
phone Office"  can  be  read  by  any 
Chinaman,  but  the  pronunciation 
would  be  different,  as  noted  by  exam- 
ples from  two  of  the  leading  dialects. 
In  this  respect  it  is  comparable  to 
Arabic  numerals,  which  can  be  under- 
stood by  all  civilized  nations,  although 
read  in  far  different  words. 

When  a  person  uses  a  long  distance 
telephone,  a  large  amount  of  property 
is  at  his  exclusive  service;  for  in- 
stance, in  speaking  from  Boston  to 
Omaha,  as  one  business  firm  does 
every  morning,  the  value  of  the  appar- 
atus at  their  disposal  is,  at  the  present 
price  of  copper,  over  $283,000,  while 
it  requires  the  service  of  nine  operat- 
ors at  the  switchboards  at  various 
points  along  the  line. 

The  weight  of  this  copper  is  1,131,- 
000  pounds,  or  565^  tons,  and  the 
wonder  is  not  in  the  fact  that  a  human 
voice  can  cause  this  immense  mass 
of  metal  to  vibrate  in  unison,  even  to 
the  delicate  touches  of  tone,  which  de- 
termine the  individuality  of  one  voice 
from  that  of  another,  so  much  as  it 
is  in  that  the  telephone  is  so  delicate 
that  it  can  catch  these  vibrations  and 
transmit  them  into  speech. 

In  order  to  make  every  feasible  pro- 
vision for  the  permanency  of  the  tele- 
phone service,  the  buildings  erected  by 
the  telephone  companies  are,  with  the 
exception  of  a  few  with  mill  floors, 
entirely  of  fire-proof  construction,  and 
the  designs  are  made  especially  with  a 
view  to  obtaining  stability  under 
heavy  loads  and  to  afford  resistance  to 
fire.  They  are  equipped  with  subsi- 
diary fire  apparatus,  and  the  windows 
opening  towards  exposures  are  pro- 
vided with  fire-shutters. 

In  smaller  towns,  where  special  tele- 
phone buildings  are  not  warranted  and 
it  is  necessary  to  lease  space  for  cen- 
tral stations,  the  utmost  care  is  exer- 
cised to  select  the  best  buildings  avail- 
able for  the  purpose,  and  these  are 
generally  of  that  type  so  well  known 
in  small  towns,  where  one  side  of  the 
front  entrance  of  the  first  story  is  oc- 
cupied by  a  national  bank  and  the 
other  side  by  a  savings  bank  or  post 
office. 

There  is  a  general  inspection  of  cen- 
tral station  property  which  includes 
reports  on  general  order  as  well  as  on 
matters  pertaining  to  the  service  and 
the  conditions  of  the  electrical  appara- 
tus. In  addition  to  the  night  watch- 
man's patrol  of  such  properties,  not- 
withstanding the  constant  occupation 
of  the  operating  room,  there  is  a  con- 
stant supervision  of  the  central  sta- 
tion apparatus  against  all  disarrange- 
ments, equal  in  the  larger  central  sta- 


tions to  an  inspection  of  the  plant 
every  twenty  minutes. 

Wires  are  placed  underground  in 
cities,  some  of  the  apparatus  is  in  du- 
plicate, reserve  portions  are  stored  at 
convenient  points,  and  the  operation  of 
the  whole  plant  is  under  constant  su- 
pervision. The  electrical  apparatus  is 
frequently  tested,  inspectors  patrol 
along  the  route  of  aerial  lines,  trials 
of  service  are  made  at  the  subscribers' 
instruments,  in  addition  to  electrical 
tests  made  from  the  central  station 
without  the  subscribers'  knowledge ; 
even  the  electrical  condition  of  the 
earth,  as  modified  by  the  return  cur- 
rents of  the  electric  railroads,  is  meas- 
ured. All  of  these  initial  conditions 
and  precautions  of  operation  for  the 
purpose  of  maintaining  the  perma- 
nency of  the  service  have  also  reduced 
the  fire  losses  on  these  properties  to  a 
nominal  amount. 

In  other  ways  than  refraining  from 
having  cause  to  make  claims,  the  tele- 
phone has  proven  a  most  efficient  ally 
of  the  underwriters'  interests,  for  each 
instrument  is  a  fire  alarm,  and  in 
many  towns  the  only  fire  alarm,  is  al- 
ways ready  to  transmit  emergency 
calls  to  the  fire  department,  the  police, 
or  other  help,  in  addition  to  the  ordi- 
nary commercial  and  personal  uses  of 
the  instrument. 

The  telephone  habit  is  causing  sub- 
scribers to  use  their  telephones  a 
greater  number  of  times  each  day, 
and  circumstances  cause  new  uses 
which  in  turn  become  grafted  onto  the 
system.  A  few  years  ago,  when  the 
steamship  "St.  Paul"  was  stranded  for 
a  few  days  on  the  New  Jersey  coast, 
a  man  rowed  out  to  the  vessel  with  a 
telephone  set  attached  to  a  new  twisted 
pair  of  water-proof  insulated  wires, 
which  served  as  a  submarine  cable, 
connected  a  telephone  line  on  shore, 
and  officers  and  passengers  used  the 
line  until  the  liner  was  pulled  into  deep 
water  and  finished  her  voyage. 

From  this  it  was  but  a  step  to  the 
present  custom  of  connecting  steamers 
by  telephone  while  they  are  lying  at 
dock,  this  having  possibly  been  anti- 
cipated by  the  practice  of  connecting 
fire-boats  by  telephone  when  they  are 
moored. 

In  the  West,  express  trains  are  fre- 
quently connected  by  telephone  at  sta- 
tions where  there  is  a  stop  for  a  few 
minutes ;  and  the  trolley  cars  of  long 
lines  in  Ohio  have  telephone  booths. 
The  cars  of  the  funicular  railroad  on 
Mount  Tom,  near  Holyoke,  Mass., 
are  equipped  with  telephones,  con- 
nected by  sliding  contacts  to  a  pair  of 
wires  at  the  side  of  the  track,  so  that 
the  motormen  on  the  two  cars  can 
communicate  with  each  other. 

Railroads,  particularly  trolley  lines, 
are  largely  managed  by  telephone,  and 
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the  installations  at  large  terminal  sta- 
tions are  on  an  extensive  scale, 
Wrecking"  trains  are  equipped  with 
a  trolley  line  along  the  right  of  way 
and  communication  established  with 
the  headquarters  of  the  company. 

Business  meetings  and  conferences 
are  held  by  means  of  telephones  which 
are  joined  together  in  such  a  manner 
that  the  whole  number,  instead  of 
merely  any  two,  can  hear  what  one 
says.  The  board  of  directors  of  a  Chi- 
cago corporation  has  members  also  at 
Milwaukee,  St.  Paul  and  Detroit,  and 
meetings  are  frequently  held  with 
these  men  at  their  telephones  taking- 
part  in  the  proceedings.  At  presiden- 
tial conventions,  a  person  near  the 
stage  telephones  an  account  of  the 
proceedings  in  a  low  tone,  and  this 
is  repeated  by  another  in  a  neighbor- 
ing telephone  station,  where  the  wires 
are  connected  to  a  number  of  tele- 
phones, these  messages  being  repeated 
in  a  like  manner  at  each  change  until 
they  extend  wherever  there  are  tele- 
phone lines ;  at  various  points  the  in- 
formation is  taken  down  by  stenogra- 
phers. 

In  hotels  the  telephone  is  used  for 
calls  from  rooms  to  the  office,  obtain- 
ing quicker  and  more  accurate  service 
than  can  be  secured  by  waiting  for  a 
bell  boy,  by  whom  the  message  may  be 
forgotten  or  distorted.  These  room 
telephones  can  also  be  used  through- 
out the  general  telephone  system. 

Oaths  are  administered  over  the  tel- 
ephone ;  it  is  against  the  rules  of  the 


company  to  utter  them.  Threats  are 
made  from  the  safe  vantage  of  a 
sound-proof  booth,  and  lawyers  have 
been  at  variance  as  to  alleged  libels  in 
the  same  manner.  That  lovers  woo 
and  swains  propose  over  the  telephone 
is  an  every-day  remark,  but  a  young- 
man  in  Muncie,  Ind.,  had  some  differ- 
ence with  a  miss,  and  was  shown  the 
door  with  the  injunction  never  to  call 
again.  Asking  permission  over  the 
telephone  to  call  again,  her  reply  was 
to  fire  three  revolver  shots  into  the 
transmitter,  so  that  the  young  man 
had  good  cause  to  remember  that  ab- 
sence of  body  was  preferable  to  pres- 
ence of  mind. 

Telephone  lines  penetrate  mines,  ex- 
tend through  air  locks  of  tunnels  and 
caisson  foundations ;  they  ramify 
through  extensive  manufacturing  es- 
tablishments and  form  part  of  the 
equipments  of  vessels ;  they  accom- 
pany the  advance  of  armies,  and  keep 
the  commander  in  communication 
with  the  firing  line.  In  short,  the  ap- 
plications of  the  telephone  are  becom- 
ing more  extended  as  the  emergency 
of  yesterday  becomes  the  precedent  of 
to-day. 

The  electrical  transmission  of 
speech  and  its  instantaneous  reply  is 
the  last  step  in  the  progress  of  modern 
enlightenment  in  that  concentration  of 
effort  and  result  which  reaches  every 
phase  of  life  in  its  modification  of 
commercial  relations  between  individ- 
uals isolated  from  each  other's  pres- 
ence. 


Standard    Abbreviations 


THE  standardizing  of  abbrevia- 
tions, symbols,  punctuation, 
etc.,  in  technical  papers,  has 
been  under  consideration  by  a  com- 
mittee representing  the  four  large 
national  engineering  societies.  The 
members  of  this  committee  are  Chas. 
W.  Hunt,  of  the  American  Society  of 
Civil  Engineers;  D.  S.  Jacobus,  of  the 
American  Society  of  Mechanical  En- 
gineers; Jos.  Struthers,  of  the  Amer- 
ican Institute  of  Mining  Engineers, 
and  Cary  T.  Hutchinson,  of  the 
American  Institute  of  Electrical  En- 
gineers. The  following  recommen- 
dations have  been  made  by  them: — 

i.  Use  abbreviations  only  after 
nouns  denoting  a  definite  quantity. 
Example: — "The  power  plant  has  a 
capacity  of  10  h.p.,"  not  "10  horse 
power;"  but,  "The  capacity  of  the 
plant,  in  horse  power,  is  ten." 

2.  Do  not  abbreviate  abstract  or 
descriptive  words.  Example: — -"hori- 
zontal return  tubular  boilers,"  not 
"h.r.t.  boilers." 


3.  Use  lower  case  characters  for 
abbreviations.  An  exception  to  this 
rule  may  be  made  in  the  case  of  words 
spelled  normally  with  a  capital.  Ex- 
ample:— "B.t.u."  and  not  "b.t.u."  or 
"B.T.U."  (British  thermal  unit), 
"U.S.  gal."  (United  States  gallon), 
"B.  &  S.  gauge"  (Brown  &  Sharp 
gauge). 

4.  Use  a  period  after  each  abbrevia- 
tion.    In   a    compound    abbreviation, 
do    not   use   a   space   after   a   period. 
Example: — "i.h.p."  and  not  "i.  h.  p."' 
(indicated  horse  power). 

5.  Use  a  hyphen  to  connect  abbre- 
viations in  cases  where  the  words 
would  take  a  hyphen  if  written  out  in 
full.  When  a  hyphen  is  used,  omit 
the  period  immediately  preceding  the 
hyphen.  Example: — "3  kw-hr."  and 
not  "3  kw.-hr."  (3  kilowatt-hours). 

6.  Use  all  abbreviations  in  the  sin- 
gular. Example: — "17  lb."  and  not 
"17  lbs."  (17  pounds),  "14  in.,"  not 
"14  ins."  (14  inches). 

7.  Never   use   "p."  for  "per,"   but 


spell  out  the  word.  Example: — "100 
ft-lb.  per  ton"  (100  foot-pounds  per 
ton);  "60  miles  per  hr."  (60  miles  per 
hour). 

8.  Use  decimals  as  far  as  possible, 
in  place  of  vulgar  fractions.  Exam- 
ple:— "1.25  ft.,"  not  "1  J;  ft." 

9.  In  general,  spell  out  an  adjective 
qualifying  the  name  of  a  unit.  Exam- 
ple:— "Boiler  h.p."  (boiler  horse-pow- 
er). The  exceptions  to  this  rule  are: — ■ 
"i.h.p."  (indicated  horse  power),  "e.h. 
p."  (electric  horse  power),  "b.h.p." 
(brake  horse  power),  "e.m.f."  (electro- 
motive force),  "m.m.f."  (magnetomo- 
tive force). 

10.  Use  "Fig.,"  not  "Figure."  Ex- 
ample:— "Fig.    ^,"   and   not   "Figure 

3-" 

11.  In  all  decimal  numbers  having 

no  units  a  cipher  should  be  placed  be- 
fore the  decimal  point.  Example: — 
"0.32  lb.,"  not  ".32  lb." 

12.  In  the  notation  of  large  num- 
bers, use  "en"  spaces  instead  of  com- 
mas. Example: — "1  520  125,"  not, 
"1,520,125." 

13.  Use  the  word  "by"  instead  of 
"x"  in  giving  dimensions.  Example: 
"8  by  12  in.,"  not  "8  x  12  in."  . 

14.  Never  use  the  characters  (')  or 
(")  to  indicate  either  feet  and  inches, 
or  minutes  and  seconds  as  periods  of 
time. 

The  following  forms  are  given  as 
illustrations  of  these  rules,  and  are 
recommended  to  be  used:— 

Name.  Abbreviation. 

Inches    in. 

Feet    ft. 

Yards    yd. 

Miles    spell  out. 

Pounds    lb. 

Grains    gr. 

Tons    spell  out. 

Gallons    gal. 

Meters    m. 

Millimeters    mm. 

Centimeters     cm. 

Kilometers    km. 

Kilogrammes    kg. 

Grammes    g. 

Milligrammes    nig. 

Kilogramme-meters     kg-m. 

Meter-kilogrammes    m-kg. 

Seconds    sec. 

Minutes    min. 

Hours    hr. 

Linear    lin. 

Square    sq. 

Cubic    cu. 

Per   spell  out. 

Fahrenheit     fahr. 

Centigrade    cent. 

Percentage     %  or  per  cent. 

Volts    spell  out. 

Ohms    spell  out. 

Watts    spell  out. 

Kilowatts    kw. 

Kilowatt-hours    kw-hr. 

Watt-hours    watt-hr. 

Amperes    spell  out. 

Brake   porse  power b.h.p. 

Electric  horse  power e.h. p. 

Indicatea   horse   power i.h.p. 

British  thermal   units B.t.u. 

Gramme-calorie s    g-cal. 

Kilogramme-calories    kg-cal. 

Magnetomotive   force m.m.f. 

Electromotive    force e.m.f. 

Revolutions   per   minute rev.  per  min. 

Circular   mils cir.  mils. 

Miles  per  hour  per  second. .  miles  per  hr.   per  sec. 

Candle-power    c-p. 

Watts  per  candle-power watts  per  c-p. 

Mean  effective   pressure spell  out. 

High   pressure   cylinder spell   out. 

Diameter   spell   out. 


Milan,  Italy,  is  to  have  an  exposi- 
tion, to  open  in  April,  1906. 
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Railless    Electric    R_oa.ds    in 

Germany 

CONCERNING  trackless  trolley 
omnibus  lines  in  Germany,  to 
which  reference  was  made  in 
these  pages  last  month,  Consul  Chas. 
L.  Cole,  of  Dresden,  in  a  recent  re- 
port says  that  there  are  two  in  the 
vicinity  of  Dresden, — the  so-called 
"Haidebahn,"  connecting  with  an 
electric  tramway  terminus  at  the  out- 
skirts of  the  town,  and  the  "Koenigs- 
stein"  road  starting  from  Koenigs- 
stein,  a  town  lying  on  the  Elbe  about 
12  miles  above  Dresden.  A  large 
proportion  of  the  passengers  carried 
by  both  lines  are  tourists  or  Sunday 
strollers. 

The  Haidebahn  covers  a  distance 
of  3.1  miles.  Wagons  run  every  half 
hour,  the  fares  being  10  pfennigs  (2.38 
cents)  for  the  shortest  ride  and  20 
pfennigs  (4.76  cents)  for  the  full  dis- 
tance. The  Haidebahn  runs  over  a 
slightly  undulating  road,  while  the 
one  at  Koenigsstein  covers  about  2 
miles  of  hilly  highway.  The  speed  of 
coaches  varies  considerably  with  the 
slope  of  the  road,  not,  it  seems,  be- 
cause of  a  lack  of  motor  force,  but  for 
the  sake,  of  the  comfort  of  passengers 
and  the  reduction  of  wear  and  tear  on 
the  machinery. 

It  seems  that  neither  of  these  two 
lines  has  proved  a  marked  success 
from  a  financial  point  of  view,  partly 
because  located  at  points  where  the 
travel  is  sparse,  but  mainly  because  of 
the  expense  in  operating.  The  elec- 
tric energy  required  to  move  cars 
over  dirt  roads  exceeds  by  100  per 
cent,  the  power  necessary  to  draw 
cars  over  rails. 

A  somewhat  similar  enterprise  is 
mentioned  by  Consul  Joseph  J.  Lan- 


ger,  of  Solingen,  Germany,  the  line  in 
that  case  operating  between  Monn- 
heim  and  Langenfeld, — about  2.\ 
miles  long,  with  two  short  branches 
for  freight  service. 


The    Bristol    Thermometer 

Thermostat 

ANEW  instrument  known  as  a 
thermometer-thermostat,  since 
it  is  a  combination  of  both  de- 
vices, has  been  put  on  the  market  by 
the  Bristol  Company,  of  Waterbury, 
Conn.,  to  meet  the  demand  for  an  in- 
strument that  will  give  correct  indica- 
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Fig.  1  is  an  external  view  of  the 
instrument,  which  is  provided  with  a 
six-inch  scale  graduated  in  degrees 
Fahrenheit.  The  construction  and 
capabilities  of  this  instrument  will  be 
best  understood  by  referring  to  the 
interior  view,  Fig.  2,  in  which  A  is  an 
arm  pivoted  at  the  lower  portion  of 
the  case,  terminating  in  a  point  rest- 
ing on  the  arc  of  the  graduated  scale, 
and  held  by  friction  at  whatever  point 
it  may  be  set.  Two  adjustable  con- 
tact pieces,  B  and  C,  are  carried  by 
this  arm.  These  contact  pieces  are 
capable  of  adjustment  by  means  of  a 
screw  D,  which  is  so  threaded  as  to 
cause  the  contact  pieces  B  and  C  to 


fig.   1  fig.  2 

THERMOMETER-THERMOSTAT   MADE  BY  THE   BRISTOL   COMPANY,    WATERBURY,    CONN. 


tions  of  the  temperature  of  the  atmos- 
phere, gases  or  liquids  at  all  times, 
and  also  serve  as  a  thermostat  to 
make  electric  connection  at  any  pre- 
determined limits  of  temperature  for 
the  purpose  of  operating  controlling 
apparatus,  alarms  and  the  like. 


approach  or  recede  at  equal  rates  and 
distances  from  the  center  line  of  the 
arm  A,  upon  which  they  are  sup- 
ported. 

The  contact  pieces  are  also  con- 
nected to  binding  posts,  as  shown,  the 
latter  being  used  for  making  outside 
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connections.  These  binding  posts  are 
located  within  the  case  to  avoid  any 
possibility  of  the  wires  or  connections 
being  disturbed  without  detection. 
Three  holes  with  insulating  eyelets 
are  provided  in  the  lower  portion  of 
the  case,  as  shown,  for  the  insertion 
of  connecting  wires.  The  high  and 
low  temperature  contact  pieces  can  be 
placed  on  a  single  circuit  or  on  inde- 
pendent ones.  The  arm  E,  moving 
over  the  graduated  scale,  indicates  the 
changes  of  temperature.  This  arm  is 
operated  by  one  of  Bristol's  recording 
thermometer  tubes  placed  in  the  per- 
forated protecting  cylinder  extending 
from  the  back  of  the  case,  as  shown  in 
the  illustration.  On  the  back  of  the 
indicating  pointer  E,  is  a  raised  por- 
tion which  makes  electric  connection 
with  the  contact  pieces. 

The  temperature  indicating  arm  E 
acts  independently  of  the  arm  A  and 
the  contact  pieces  B  and  C,  so  that  the 
latter  may  be  adjusted  at  any  desired 
point,  without  in  any  way  interfering 
with  the  correct  indications  of  the 
thermometer  in  case  the  temperature 
does  not  remain,  or  is  not  controlled 
within  the  limits  for  which  the  con- 
tact pieces  may  be  set. 

The  instrument  may  be  readily  ap- 
plied to  indicate  the  temperature  of 
liquids,  and  set  in  operation  control- 
ling apparatus  for  the  brine  in  a  re- 
frigerating system  or  tank. 

For  temperatures  above  the  atmos- 
phere, as  that  in  ovens,  kilns,  closed 


spaces,  or  of  liquids  in  pipes  under 
pressure,  a  small  bulb  is  located  with- 
in the  closed  space  or  pipe.  This  bulb 
is  connected  with  the  thermometer- 
thermostat  by  a  capillary  tube  filled 
with  alcohol.  The  temperature  at  the 
bulb  is  communicated  to  the  instru- 
ment, the  latter  being  located  at  any 
convenient  point  for  observation. 

The  electric  wires  connecting  with 
the  adjustable  thermostatic  contacts 
may  be  earned  to  any  point  where  the 
controlling  apparatus  is  located  or 
where  it  is  desired  that  an  alarm  shall 
be  given. 


FIG.    I. NERNST  LAMP   WITH   REFLECTOR 


Nernst    Lamps  for  the  St.  Louis 
Exposition 

AMONG  the  many  applications  of 
electricity  to  be  seen  at  the  St. 
Louis  Exposition,  one  that  will 
be  of  interest  to  artists  and  lovers  of 
art,  as  well  as  electric  light  men  in 
general,  is  the  application  of  Nernst 
lamps  on  a  large  scale  to  the  lighting 
of  the  Fine  Arts  Exhibit. 

Since  the  advent  of  these  lamps 
upon  the  market  three  years  ago,  the 
steadiness  and  quality  of  the  light 
have  proven  of  distinct  advantage  in 
all  cases  where  a  correct  determina- 
tion of  color  values  is  important,' — 
hence  their  special  adaptability  to  il- 
luminating an  exhibit  of  fine  paint- 
ings. Owing  to  the  downward  dis- 
tribution of  the  light,  also,  a  great 
uniformity  of  illumination  is  secured 
over  the  wall  space  usually  occupied 
by  an  art  exhibit,  the  weaker  rays  be- 
ing in  the  direction  of  the  upper  and 
the  nearer  portions  of  the  wall,  and 
the  stronger  rays  in  the  direction  of 
the  lower  and  more  distant  portions. 
Where  the  exhibits  occupy  the 
exclusively,  the  uniformity  and 
intensity  of  the  wall  illumi- 
nation is  greatly  improved 
by  the  use  of  a  specially 
designed  reflector  on  each 
lamp,  similar  to  that  shown 
in  Fig.  I.  This  reflector  is 
of  light,  rigid  construction 
and  is  fastened  to  and  sup- 
ported by  the  lamp. 

The  reflector  also  acts  as 
a  shield,  preventing  direct 
light  from  entering  the  eye 
of  the  observer. 

The  preliminary  tests 
made  with  this  reflector  un- 
der conditions  approximat- 
ing as  nearly  as  practicable 
the  actual  art  gallery  condi- 
tions, were  attended  with 
very  satisfactory  results,  as 
evinced  by  the  exclusive  ac- 
ceptance of  the  Nernst  sys- 
tem by  the  art  officials.  The 
plans    involve     the    use    of 


1 541  Nernst  lamps  of  different  sizes, 
making  a  total  of  4780  glower 
units,  with  a  total  consumption  of 
401,520  watts.  The  sculpture  halls 
will  be  lighted  by  means  of  large  clus- 
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FIG.    2. — ARRANGEMENT   OF    NERNST   LAMP    FOR 
ART  GALLERY   ILLUMINATION 

ters,  each  consisting  of  19  six-glower 
lamps  at  60  feet  elevation.  In  the 
art  gallery  section,  the  three-glower 
lamp,  with  the  special  reflector,  will 
be  the  standard  unit,  these  being  ar- 
ranged around  the  four  sides  of  the 
room  8  feet  from  the  wall,  as  shown 
in  Fig.  3.  The  lamps  will  all  be  sup- 
plied with  25-cycle  current  from  a 
single-phase  210-volt  circuit.  A  por- 
tion of  the  load  on  the  latter  is  used 
for  power  purposes. 

Inasmuch  as  this  installation,  the 
first  of  its  kind,  represents  a  radical 
departure  from  the  accepted  method 
of  the  past  for  art  gallery  lighting,  the 
results  will  no  doubt  be  noted  with  in- 
terest and  should  furnish  some  valu- 
able data,  both  as  to  the  value  of  the 
Nernst  lamp  in  this  particular  field 
and  in  its  operation  on  power  circuits 
of  25-cycle  frequency. 


Third-R-ail    Protection    in    England 

THE  English  "Railway  Review," 
the  organ  of  the  Amalgamated 
Society  of  Railway  Servants, 
when  pointing  out  recently  the  fact 
that  the  electrification  of  steam  rail- 
ways is  adding  another  danger  to  rail- 
way men,  and  to  some  extent  to  the 
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general  public,  urged  that  the  Lanca- 
shire &  Yorkshire  Railway  Company 
should  provide  some  form  of  protec- 
tion for  the  live  rail  other  than  the 
issuance  of  a  mere  "note  to  its  em- 
ployees on  the  danger  of  touching  the 
live  rail,  and  instructing  them  to  use 
their  best  endeavors  to  prevent  the 
public  from  doing  so."  The  "Re- 
view" further  says  that  "the  North- 
eastern Railway  Company  has  pro- 
tected its  live  rail  by  the  erection  of 
two  iron  or  steel  ridges  which  run 
parallel  with  and  rise  above  the  rail 
on  each  side,  so  that  when  a  person 
inadvertently  places  his  foot  across 
the  metal  it  is  held  away  from  the  live 
rail  by  the  two  ridges  which  form  the 
careless  person's  foot  into  a  bridge, 
thus  saving  him  from  a  violent  and 
immediate  death." 


A    High-Speed    Electric   Motor- 
Driven    Pump 

THE  operation  of  pumping  ma- 
chinery by  electric  motors  of- 
fers, especially  in  mines,  many 
obvious  advantages,  such  as  the  cen- 
tralization of  the  power  plant,  elastic- 
ity of  extension  of  the  system,  high 
efficiency  and  small  first  cost  and  small 
expense  for  attendance.  Compressed 
air  may  be  used  for  the  distribution  of 
power  to  pumps,  but  it  is  not  usually 
recommended  on  account  of  the  low 
efficiency  of  the  plant  as  a  whole. 
Small  leaks,  if  many,  become  serious, 
and  the  long  line  of  piping  with  nu- 
merous joints  causes  frequent  delay, 
trouble  and  expense.  The  use  of 
steam  for  driving  pumps  at  a  distance, 
and  especially  in  mining  operations, 
is  decidedly  objectionable  on  account 
of  the  loss  of  condensation,  the  heat 
from  the  engines  and  pipes,  the  ex- 
pensive piping  and  the  numerous 
joints  liable  to  leak,  as  well  as  to  give 
rise  to  danger  from  bursting. 

Electrically  driven  pumps,  however, 
have  had  one  drawback.  This  was  the 
necessity  for  toothed  gearing,  belts  or 
other  devices  to  transfer  the  power 
from  the  rapidly  revolving  motor  shaft 
to  the  slow-moving  crank-shaft  of  the 
pump.  Such  devices  added  to  the 
weight  and  size  of  the  pumping  unit 
and  required  either  careful  attention 
or  frequent  repairs.  The  use  of 
toothed  gearing  on  pumps  in  buildings 
is,  moreover,  objectionable  on  account 
of  noise. 

In  the  pump  here  illustrated,  these 
objectionable  features  have  been  elim- 
inated by  the  simple  expedient  of  con- 
necting the  pump  plungers  to  cranks 
mounted  directly  upon  the  shaft  of  the 
motor.  This  pump  has  a  capacity  of 
about  250  gallons  per  minute  against 
1000   feet  head,   when   running  at  a 


speed  of  about  300  revolutions.  So 
carefully  have  the  internal  parts  of  the 
pump  been  designed,  however,  that  its 
mechanical  efficiency  is  claimed  to  be 
over  93  per  cent,  approximating  close- 
ly that  of  the  highest  types  of  large 
steam  pumping  engines.  The  pump  is 
of  the  duplex  type;  the  cranks  at  the 
opposite  ends  of  the  motor  shaft  being 
set  at  right  angles  to  each  other.  The 
plungers  are  of  the  outside  packed  pat- 
tern, and  the  two  plungers  of  each 
pump  are  connected  by  side  rods.  The 
plungers  are  3!  inches  in  diameter  and 
have  a  stroke  of  5^  inches. 

The  pump  and  motor  are  mounted 
upon  a  rigid  box-girder  frame,  and  the 
unit  is  self-contained  and  occupies  a 
relatively  small  space.  It  contains 
many  novel  features  of  construction, 
and  the  most  careful  attention  has  been 
given  to  the  design  of  the  internal 
parts,  as  well  as  to  the  running  parts 
and  oiling  devices.  High  speed  pumps 
have  been  constructed  heretofore  with 


Knowles  Steam  Pump  Works,  of  114 
Liberty  street,  New  York  City,  in  ca- 
pacities of  from  200  to  4000  gallons 
per  minute,  and  for  heads  varying 
from  100  to  2000  feet.  One  of  these 
pumps,  operated  by  a  direct-current 
motor,  will  be  exhibited  in  the  space 
of  the  General  Electric  Company  at  the 
St.  Louis  Exposition. 


R^ope  versus  Electric  Power 
Transmission 

TWO  papers  on  rope  transmission 
of  power,  which  were  read  by 
Frederick  S.  Greene  before 
the  New  England  and  Southern  Cot- 
ton Manufacturers'  associations,  have 
called  forth  a  great  deal  of  discussion 
relative  to  power  transmission  by  the 
various  methods  in  use.  The  fact 
has  been  quite  well  established  that 
rope  driving  is  an  economical  way  of 
transmitting  power  in  textile  plants, 


A    HIGH-SPEED   ELECTRICALLY-DRIVEN    PUMP    MADE   BY    THE   BLAKE   &    KNOWLES    STEAM 

PUMP  WORKS,   NEW  YORK 


mechanically  operated  valves,  but  have 
proved  far  from  satisfactory,  and  in 
many  cases  the  entire  valve  mechanism 
has  been  removed  with  beneficial  re- 
sults. Some  designers  advocate  clos- 
ing mechanically  both  inlet  and  outlet 
valves,  while  others  favor  mechanic- 
ally opened  valves ;  again,  some  con- 
structors operate  one  set  of  valves  me- 
chanically ;  still  others  maintain  that 
such  complicated  mechanisms  are  use- 
less and  lead  only  to  trouble  and  ex- 
pense. 

This  type  of  pump,  which  has  only 
lately  been  introduced,  has  such  ad- 
vantages as  simplicity  of  construction, 
small  space  requirements,  cheapness  of 
installation  and  attendance.  The 
pumps    are    built    by    the    Blake    & 


but  the  figures  presented  by  Mr. 
Greene  have  greatly  emphasized  the 
advantages  of  this  method. 

Some  criticism  has  been  made  upon 
the  paper  read  at  the  Boston  meeting 
in  the  interest  of  electrical  apparatus, 
the  point  being  taken,  according  to 
"The  Iron  Age,"  that  the  method  of 
electrical  installation  used  as  a  basis 
for  comparison  was  not  the  most  ad- 
vantageous or  latest  improved.  This 
criticism  was  answered  by  Mr.  Greene 
at  the  meeting  of  the  American  cot- 
ton manufacturers  at  Washington, 
who  there  made  the  statement  that  he 
did  not  claim  that  the  method  used 
for  comparison  was  either  the  best  or 
the  worst  way  to  install  electrical 
transmission,   but  from   many  prices 
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received  from  nearly  all  the  makers 
of  electrical  apparatus  he  had  selected 
the  cheapest.  He  said  that  each  firm 
applied  to  and  each  engineer  ques- 
tioned on  the  subject  had  suggested 
different  arrangements  for  the  mo- 
tors, some  advocating  a  large  number 
of  small  motors,  while  others  inclined 
to  a  few  large  ones.  He  further  said 
that  while  he  was  willing  to  admit 
that  he  did  not  know  the  best  way  to 
install  electrical  transmission  in  a  cot- 
ton mill,  so  far  as  he  could  find  out 
no  one  else  did;  certainly  no  two  elec- 
trical companies  agreed  on  the  sub- 
ject. 

This  discussion  has  led  to  a  definite 
proposition,  which  is  now  publicly  of- 
fered by  the  American  Manufacturing 
Company,  of  New  York,  who  are 
manufacturers  of  transmission  rope 
and  other  cordage.  They  agree  to 
furnish  the  necessary  rope  sheaves, 
rope  and  driven  head  for  the  main 
drives  of  any  cotton  or  woolen  mill  in 
the  United  States,  using  500  or  more 
horse-power,  which  is  developed  at 
the  mill  site,  at  one-quarter  the  price 
for  which  any  responsible  company 
furnishing  electrical  apparatus  will 
agree  to  install  the  generators,  mo- 
tors, motor  shafts,  switchboard,  wir- 
ing and  other  appliances  necessary  to 
electrically  transmit  the  same  power. 
Where  the  power  is  generated  at  a 
distance,  if  the  mill  will  install  one 
central  motor,  the  company  will  agree 
to  distribute  the  power  from  the  mo- 
tor to  the  main  line  shafts  with  rope 
drives  for  one-half  the  cost  of  electri- 
cal apparatus  to  distribute  the  same 
power.  The  offer  which  is  thus  made 
is  likely  to  bring  out  some  interesting 
facts. 


A  Motor-Driven  Sha.ft  Stra.ightener 

A  HYDRO  -  ELECTRICALLY 
operated  shaft  -  straightening 
lathe  made  by  the  Logemann 
Bros.  Company,  of  Milwaukee,  Wis., 
the  pump  motor  accessory  being  sup- 
plied by  the  Northern  Electrical  Mfg. 
Co.,  of  Madison,  Wis.,  is  shown  in  the 
annexed  cut. 

The  shaft  straightener  is  essentially 
a  hydraulic  press  mounted  on  a  car- 
riage traveling  over  the  bed  of  the 
lathe,  as  shown.  The  press  is  operat- 
ed by  a  pump  of  the  triplex  type, 
geared  to  a  motor  of  the  box  type, 
shown  at  the  top  of  the  machine.  The 
motor  is  in  constant  operation  while 
the  lathe  is  in  use,  the  pump  pressure 
being  regulated  by  a  by-pass  valve, 
placed  in  the  discharge  between  the 
pump  and  the  water  tank.  By  this 
method  a  very  delicate  adjustment  of 
pressure  can  be  obtained. 

The  head  stock,  not  shown  in  the 
illustration,  has  a  variable  speed  at- 


tachment, adapted  for  either  motor  or 
belt  drive.  The  tail  stock  is  provided 
with  a  tool  rest,  for  use  in  facing  off 
couplings,  etc.,  on  the  shaft.  Wedge 
blocks,  placed  on  the  planed  bed  of  the 
carriage,  are  adjustable  to  various 
diameters  of  shaft.  The  carriage  is 
fitted  with  roller  bearings  and  may  be 
easily  moved  along  the  bed  in  order 
to  bring  the  press  plunger  over  the 
spot  in  the  shaft  to  be  straightened. 

The  motor  is  encased  in  a  steel, 
dust-proof  box,  the  body  of  which  is 
formed  by  the  field  frame.  Bosses  are 
cast  on  the  ends,  sides  and  bottom  of 
the  frame  to  be  drilled  and  tapped  for 
attaching  the  motor  to  the  machine 
driven.  A  convenient  opening  is  pro- 
vided over  the  entire  commutator  to 
permit  of  ready  inspection  of  the  arm- 
ature and  brush-holders.  A  cover  is 
accurately  fitted  over  this  opening. 


weld    and    the    operation    was    com- 
plete. 

The  principle  underlying  the  pro- 
cess is  as  follows: — The  heat  of  the 
blow-pipe  flame  causes  the  formation 
of  an  oxide  skin  on  the  aluminium  as 
above  mentioned,  which  is  strong 
enough  to  act  as  a  bag,  the  interior 
being  full  of  molten  metal.  When  the 
ends  of  both  bars  are  in  this  condition 
and  are  pressed  together,  the  skin 
bursts  at  the  point  of  contact,  the 
molten  metal  unites,  and  is  instantly 
solidified  by  the  water  douche.  The 
existence  of  the  "bag"  of  fluid  metal 
was   clearlv   shown   by  a   further  ex- 


Welding    Aluminium 

A  CONSIDERABLE  step  toward 
the  removal  of  one  of  the 
greatest  obstacles  in  the  way 
of  the  more  extended  use  of  alumin- 
ium has  been  taken  by  Messrs. 
Sherard,  Cowper-Coles  &  Company, 
of  London.  As  is  well  known,  the 
difficulty,  if  not  the  impossibility, 
of  making  a  satisfactory  soldering 
joint  between  two  pieces 
of  that  metal  has  limited 
its  application  in  no  small 
degree.  The  difficulty  of 
soldering  aluminium  is 
due  to  the  formation  of  an 
imperceptible,  but  ex- 
tremely tenacious,  film  of 
oxide  on  the  surface  of 
the  metal,  and  it  is  to  the 
presence  of  this  film  that 
the  possibility  of  the  pro- 
cess devised  by  Mr.  Cow- 
per-Coles is  due. 

The   apparatus   used   to 
illustrate  the  new  method 
is  described  in  "Engineer- 
ing"   as    consisting    of    a 
frame   carrying  a  pair  of 
movable    clamps,    each    of 
which  gripped  one  of  the 
aluminium  rods  to  be  welded.      The 
rods  were  held  horizontally,  the  ends 
butting  together  in  front  of  the  flame 
from    a    gas  blow-pipe.     No  special 
cleaning  of  the  surfaces  was  necessary 
nor  was  a  flux  of  any  kind  applied. 
As    soon    as    the    ends    appeared  to 
soften  by  the  heat,  they  were  lightly 
pressed  together  by  means  of  a  con- 
veniently  placed   lever    connected    to 
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MOTOR-DRIVEN     SHAFT    STRAIGHTENER,     MADE    BY 

LOGEMANN     BROTHERS      COMPANY,      MILWAUKEE, 

THE     MOTOR    IS     SUPPLIED    BY     THE     NORTHERN 


ELECTRICAL    MFG.    COMPANY,    MADISON,    WIS. 

periment,  in  which  an  aluminium  rod 
was  clamped  at  each  end,  the  center 
portion  being  subjected  to  the  action 
of  the  blow-pipe  flame.  When  the 
metal  liquefied,  the  molten  portion 
sagged  down,  contained  in  a  flexible 
tube  of  oxide,  which,  on  being 
pierced,  allowed  the  fluid  metal  inside 
to  run  out. 

It  is  understood  that  Messrs. 
the  clamps',  and  at  the  same  instant  a  Sherard,  Cowper-Coles  &  Co.  are  per- 
shield  descended  in  front  of  the  flame  fecting  a  method  of  uniting  tubes  by 
to  prevent  any  further  heating.  The  this  process,  the  formation  of  a  ridge 
descent  of  the  shield  caused  a  douche  on  the  interior  being  prevented  by  the 
of   cold   water   to   be   applied    to   the      use  of  a  mandrel  inside  the  tube. 
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Galvanizing  by  the  Electrolytic 
Process 

ACCORDING  to  the  London 
"Electrical  Engineer,"  the  elec- 
trolytic process  of  galvanizing 
has  been  much  developed  in  recent 
years,  and  is  now  used  even  for  heavy 
pieces  of  machinery,  such  as  parts  of 
centrifugals  for  sugar  factories,  which 
cannot  be  galvanized  by  immersion 
in  melted  zinc  without  becoming  dis- 
torted. It  has  been  found  that  arti- 
cles galvanized  by  electrolysis  can  be 
punched,  riveted,  and  otherwise 
worked  without  the  zinc  peeling  off. 
Press-rolls  also  are  now  treated  by 
this  process.  The  old  method  had 
several  disadvantages,  of  which  the 
worst,  perhaps,  were  the  unequal 
thickness  of  the  zinc  coating  and  the 
lumps  formed  by  the  dripping  of  the 
melted  zinc,  both  of  which  necessitat- 
ed the  roller  being  turned  in  the  lathe 
in  order  to  obtain  the  proper  surface. 
The  electrolytic  deposit  of  zinc,  on  the 
contrary j  is  perfectly  uniform,  and  no 
turning  is  required,  so  that  the  roll 
can  be  used  just  as  it  comes  from  the 
zinc  bath;  besides  which  the  roils  do 
not  warp,  as  was  frequently  tire  case 
with  the  old  process,  the  electrolytic 
precipitation  of  the  zinc  being  carried 
out  cold. 


Personal 


With  the  remarkable  development  in 
steam  turbine  engineering  during  the 
past  few  years,  which  has  given  special 
prominence  in  the  United  States  to  the 
Parsons,     the     De 
Laval  and  the  Cur- 
tis designs,  and  in 
Europe       to       the 
Riedler   -   Stumpf, 
the  Rateau  and  the 
Zoelly    turbines,  it 
is    not    uninterest- 
ing  to    recall    that 
the    Hon.    Charles 
A.  Parsons,  a  son 
of   Lord  Rosse  of 
telescope  fame,  in- 
troduced   his    first 
practicable   turbine 
in     1884.      It     was 
rated  at  10  H.  P., 
and       while       not 
an  economical  ma- 
chine, successfully 
demonstrated     the 
principle.     It     ran 
at    a    speed    of     18,000    revolutions 
per   minute,   and   used   35   pounds   of 
steam  per  horse-power  per  hour.  Four 
years  later  Mr.  Parsons  brought  out 
an  improved  turbine  of  50  H.P.,  mak- 
ing 7000 -turns  per  minute,  and  soon 
afterward   a   200-H.P.   machine   run- 
5-10 


C.  A.  PARSONS 


ning  at  4000  turns.  The  famous  little 
turbine-driven  steamer  "Turbina," 
which  ran  at  a  speed  of  about  39^  miles 
an  hour,  startled  the  engineering  world 
in  1897. 

According  to  the  "Manchester 
Guardian,"  Lord  Kelvin's  election  to 
the  lord  chancellorship  of  Glasgow 
University  has  loosened  the  flood  of 
anecdotes  which  have  gathered  round 


Mr.  C.  C.  Tyler  has  resigned!  his 
position  as  superintendent  of  the  works 
of  the  Westinghouse  Electric  &  Manu- 
facturing Company,  at  Easl  Pittsburg, 
Pa.,  and  has  been  appointed  general 
superintendent  of  all  the  works  of  the 
Allis-Chalmers-Bullock  interests  in  the 
United  States.  Mr.  Tyler  will  enter 
upon  his  new  duties  on  June  15,  and 
will  make  his  headquarters  at  Mil- 
waukee.    His  record  in  the  practical 


LORD    KELVIN    ADDRESSING    ONE   OF    HIS    CLASSES 


his  great  name.  Most  Kelvin  stories 
which  obtain  in  Glasgow  are  found- 
ed upon  the  occasional  inability  of 
the  great  man  who  lisped  in  loga- 
rithms to  bring  his  mind  to  a  childish 
sum.  The  famous  one  tells  how 
on  his  blackboard  he  once  made 
two  and  two  five,  and,  hearing-  the 
chuckles  of  his  delighted  class,  al- 
tered it  hastily  to  three.  He  was, 
however,  once  heard  to  say,  in 
his  characteristic  slow  way,  with  his 
beautiful  use  of  the  soft  Irish  r, 
"Seven  times  nine,  Mr.  Mac-far-lane, 
are  a  hundred  and  what?  [Pause.] 
But,  no;  seven  times  nine  cannot  be 
a  hundred  and  anything,  Mr.  Mac- 
far-lane,  for  the  square  of  a  hundred 
is  ten."  It  is  also  told  of  him  that, 
walking  one  day  with  a  friend  in 
Largs,  he  noticed  that  it  had  begun 
to  rain.  *  He  questioned  his  friend 
closely  as  to  where  his  coat  and  his 
umbrella  were,  and  having  satisfied 
himself  that  his  friend  had  not  these 
articles  with  him,  he  said:— "Well,  in 
that  case,  doctor,  we  will  walk  back 
beneath  this  belt  of  trees,  for  the  rain 
will  not  per-colate  the  leaves,  doctor, 
for  twentv  minutes. 


management  of  great  machine  shops  is 
one  of  the  best  in  the  country,  and  it 
has  long  been  under  the  appreciative 
observation  of  men  who  understand 
the  value  of  such  ability.  Before  Mr. 
Tyler  went  to  Pennsylvania  he  had 
made  an  excellent  reputation,  and  at 
Pittsburg,  where  he  has  been  for  half 
a  dozen  years,  he  enhanced  this  by  the 
results  he  achieved  in  increasing  the 
efficiency  of  the  Westinghouse  electric 
works.  In  the  equipment  of  manufac- 
tories, in  the  design  and  construction 
of  machine  tools,  in  the  handling  of 
machinery  and  material,  in  processes 
of  manufacture,  and,  in  fact,  in  all  that 
pertains  to  the  economy  of  machine 
shop  administration,  Mr.  Tyler  is  rec- 
ognized as  an  expert  who  has  no 
superior  in  this  country.  In  entering 
upon  his  larger  field  of  duty  he  is  sure 
to  carry  with  him  the  congratulations 
of  the  engineering  profession. 

Paul  M.  Mowrey,  who  for  the  last 
three  years  has  been  connected  with 
the  Merchants'  Trust  Company,  of 
New  York,  as  adviser  on  industrial  in- 
vestments, has  assumed  the  office  of 
vice-president     of    the     Engineering 
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Company  of  America.  Mr.  Mowrey 
has  been  prominently  identified  with 
the  engineering  and  contracting  busi- 
ness since  1888,  when  he  became  con- 
nected with  the  Edison  Illuminating 
Company.  Among  his  numerous 
successful  enterprises  was  the  pur- 
chase and  consolidation  of  the  street 
railway  and  power  companies  of  Rich- 
mond, Va.,  which  were  later  turned 
over  to  Frank  Jay  Gould. 

W.  D.,  Dickinson,  superintendent  of 
the  Boston  &  Great  Falls  Electric 
Light  &  Power  Company,  the  Great 
Falls  Street  &  Power  Company,  and 
the  Boston  &  Great  Falls  Land  & 
Power  Company,  for  the  past  thirteen 
years,  has  severed  his  connection  with 
these  companies.  It  is  reported  that 
Mr.  Dickinson  will  leave  Great  Falls, 
Mont.,  and  make  his  home  in  Cali- 
fornia. 

J.  C.  McOuiston  has  been  appointed 
superintendent  of  the  Westinghouse 
Company's  publishing  department  at 
Pittsburg,  having  charge  of  matters 


James  W.  Lyons,  who  has  been  for 
many  years  associated  with  the  Allis- 
Chalmers  Co.,  in  the  capacity  of  en- 
gine salesman,  has  been  appointed 
manager  of  the  newly  created  power 


J.    C.    MCQUISTON 

relating  to  the  publicity  of  the  pro- 
ducts of  the  various  Westinghouse  in- 
terests in  the  United  States  and 
Canada. 

Mr.  H.  V.  Croll,  who  has  been  in 
charge  of  the  Salt  Lake  City,  Utah, 
office  of  the  Allis-Chalmers  Company 
for  several  years,  and  who  was  before 
that  the  representative  of  the  E.  P. 
Allis  Company  at  Spokane,  Wash., 
has  been  appointed  to  the  charge  of 
the  Allis-Chalmers  office  in  San  Fran- 
cisco, as  the  successor  of  Mr.  George 
Ames,  who  has  resigned.  Mr.  Croll's 
San  Francisco  office  is  623  Flayward 
Building. 


JAMES    W.    LYONS 

department  of  the  Allis-Chalmers  Co., 
with  headquarters  in  Chicago,  the 
appointment  taking  effect  Monday, 
May  16,  1904.  This  newly  created 
power  department  will  control  the 
sale  of  reciprocating  steam  engines, 
steam  turbines  (entire  units,  including 
turbo-generators),  condensers,  gas 
engines,  pumping  engines,  blowing 
engines,  hoisting  engines  and  air 
compressors.  Mr.  Lyons'  well-de- 
served promotion  will  gratify  his 
many  business  friends  throughout  the 
country,  for  he  is  very  well  known, 
and  it  is  an  evidence  that  the  manage- 
ment is  determined  to  preserve  the 
best  traditions  of  the  Allis-Chalmers 
Company. 

Mr.  C.  O.  Baker,  president  of  Baker 
&  Company,  Incorporated,  of  New- 
ark, N.  J.,  and  New  York  City,  N.  Y., 
the  well-known  refiners  and  artisans 
in  platinum,  gold  and  silver,  sailed 
recently  for  his  annual  trip  abroad. 

Gas  engines  for  central  station  ser- 
vice formed  the  subject  of  an  interest- 
ing paper  recently 
read  before  the 
New  York  Elec- 
trical Society  by 
Ralph  D.  Mer- 
shon. 

Arthur  Warren, 
chief  of  the  De- 
partment of  Pub- 
licity of  the  Allis- 
Chalmers  Com- 
pany, of  Chicago, 
has  contributed  to 
the  June  number 
of  the  "American 
Monthly    Review 

of  Reviews,"  an  interesting  article  on 
"The  Turbine ;  A  new  Era  of  Steam," 
telling  of  the  changes  which  the  steam 


turbine  is  making  in  engineering  both 
afloat  and  ashore. 

John  B.  Allan  and  Arthur  West, 
both  connected  until  very  recently 
with  the  Allis-Chalmers  Company, 
have  joined  the  forces  of  the  West- 
inghouse Machine  Company,  of  Pitts- 
burg. Mr.  Allan  will  be  the  Western 
manager  of  the  company,  with  head- 
quarters at  Chicago,  while  Mr.  West 
will  assume  the  post  of  chief  engineer 
of  the  company  at  East  Pittsburg. 

Having  very  recently  perfected  his 
new  differential  water  wheel  gover- 
nor, Mark  A.  Replogle,  of  Akron, 
Ohio,  has  been  retained  by  the  Rep- 
logle Governor  Works  as  chief  engi- 
neer, and  the  manufacture  and  sale 
of  this  new  machine  will  begin  in 
earnest. 

Bion  J.  Arnold  has  been  appointed 
consulting  electrical  and  mechanical 
engineer  for  the  Illinois  Tunnel  Co., 
of  Chicago,  which  will  install  a  nar- 
row-gauge elec- 
tric railway  in  the 
tunnels  under 
Chicago  streets. 
About  40  miles  of 
tunnels  have  al- 
ready been  com- 
pleted. It  is  pro- 
posed to  form  a 
general  freight 
collecting  and  dis- 
tributing business, 
thus  obviating  a 
large  portion  of 
the  teaming  that 
now  greatly  con- 
gests the  streets 
above.  The  neces- 
sary power  sta- 
tons,  type  of 
equipment,  s  i  g- 
nailing  and 
switching  system, 

and  method  of  conducting  this  trans- 
portation are  all  interesting  factors  in 
the  problem. 


B.   J.   ARNOLD 


R.    D.    MERSHON 


Lewis  Buckley  Stillwell 

Electrical   Director  of  the  Interborough   Rapid 
Transit   Company,   New   York 

WITH  the  near  completion  of  the 
construction  work  of  the  In- 
terborough Rapid  Transit 
Company,  by  which  the  city  of  New 
York  will  have  one  of  the  most  per- 
fectly designed  passenger  traffic  sys- 
tems in  the  world,  interest  will  be 
centered  largely  in  the  men  whose 
labors  have  helped  in  the  carrying  out 
of  that  enterprise,  and  among  them 
Lewis  Buckley  Stillwell,  the  electrical 
director  of  the  company,  occupies  a 
prominent  place. 


■>-. 


Tlioto    by    Ames,    New    York 


LEWIS    BUCKLEY    STILLWELL, 

ELECTRICAL    DIRECTOR    OF    THE    INTERBOROUGH    RAPID    TRANSIT    COMPANY,     NEW   YORK 
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Indeed,  Mr.  Stillwell  ranks  con- 
spicuously in  engineering  circles  gen- 
erally as  a  man  of  unusual  achieve- 
ments, still  young  and  yet  identified 
since  early  in  the  nineties  with  the 
successful  working  out  of  some  of  the 
world's  most  important  practical  en- 
gineering problems, — the  generation 
and  transmission  of  Niagara  power, 
for  example,  the  electrification  of  New- 
York's  elevated  railway  system,  and 
the  electric  equipment  also  of  New 
York's  rapid  transit  subway. 

Mr.  Stillwell  was  born  in  Scranton, 
Pa.,  March  12,  1863.  Although  a 
Pennsylvanian  by  birth,  he  is  a  de- 
scendant of  an  old  New  York  family, 
prominent  in  the  Colonial  history  of 
the  province,  this  name  appearing 
more  frequently  than  any  other  save 
one  in  the  lists  of  members  of  the 
Colonial  Assembly  of  New  York  from 
169 r  to  the  time  of  the  Revolution. 
His  father,  born  in  1824,  was  a  soldier 
in  the  Civil  War,  serving  as  captain  in 
the  1 32(1  Pennsylvania  Volunteers, 
and  receiving  a  severe  wound  at  the 
assault  on  Marye's  Heights  at  the  bat- 
tle of  Fredericksburg.  Subsequent 
to  the  war  he  acted  for  many  years  as 
general  superintendent  of  anthracite 
coal  breakers  of  the  Pennsylvania  Coal 
Company. 

On  his  mother's  side,  he  is  of  Ger- 
man stock,  his  mother  being  a  grand- 
daughter of  ( ieneral  Peter  Kichlein 
(1722-1789),  member  of  the  Commit- 
tee of  Safety  of  the  Colonies  (1774- 
1776),  and  greatly  distinguished  at  the 
battle  of  Long  Island,  where  he  com- 
manded a  regiment  of  Pennsylvania 
riflemen,  which,  at  the  cost  of  nearly 
half  its  numbers,  held  its  position  un- 
til the  American  line  being  broken 
elsewhere,  practically  the  entire  rem- 
nant of  the  regiment,  including  its 
colonel,  was  captured. 

He  was  graduated  at  the  Scranton 
High  School,  matriculated  at  Wes- 
leyan  University,  and  after  two  years' 
work  there  took  up  the  study  of  elec- 
trical engineering  at  Lehigh  Univer- 
sity, where  he  completed  the  electrical 
course  in  1885,  taking  post-graduate 
work  at  Lehigh  in  mechanical  engi- 
neering, 1885-86.  In  October,  1886, 
he  accepted  the  position  of  assistant 
electrician  of  the  Westinghouse  Elec- 
tric &  Manufacturing  Company,  of 
Pittsburg,  Pa.,  where  he  was  associ- 
ated with  O.  B.  Shallenberger,  Wil- 
liam Stanley  and  Nikola  Tesla, 
particularly  in  the  commercial  devel- 
opment of  the. alternating-current  sys- 
tems of  lighting  and  power  distribu- 
tion. 

In  April,  1890,  he  was  promoted  to 
chief  electrical  engineer,  and  in  April, 
1895,  to  chief  electrical  engineer  and 
assistant  manager.  In  March,  1897, 
he    resigned     and     became    electrical 


director  of  the  Cataract  Construction 
Company  and  Niagara  Falls  Power 
Company,  at  Niagara  Falls,  N.  Y., 
having  while  with  the  Westinghouse 
Company  directed  the  preparation  of 
the  plans  for  the  electrical  utilization 
of  Niagara  which  were  finally  adopted 
by  the  Cataract  Construction  Com- 
pany. 

At  Niagara  he  became  responsible 
not  only  for  the  work  of  electrical  con- 
struction in  connection  with  the  ex- 
tensions of  the  installation/but  also  of 
the  operation  of  the  plant  as  com- 
pleted. During  his  residence  at  Niag- 
ara many  of  the  problems  met  with  in 
electrically  transmitting  and  distrib- 
uting power  at  high  potential  and  in 
great  amount  for  industrial  purposes, 
as  well  as  for  lighting  and  for  the  op- 
eration of  street  railways,  were  en- 
countered for  the  first  time  in  com- 
mercial service,  and  to  their  solution 
and  to  the  organization  of  the  operat- 
ing force  and  methods  of  the  company 
he  devoted  the  greater  part  of  his  time 
for  the  ensuing  three  years.  While 
thus  enoaoed,  he  made  an  exhaustive 
study  of  the  subject  of  charges  for 
power,  as  fixed  by  cost  of  production 
and  by  cost  of  power  developed  by 
competing  steam  plants,  and  prepared 
a  schedule  of  charges  which  was 
adopted  by  the  Niagara  Falls  Power 
Companv  and  has  since  served  as  the 
basis  for  its  contracts  throughout  the 
territory  supplied  from  its  plants.  He 
also  prepared  a  system  of  classification 
of  accounts  for  the  operating  depart- 
ment which  has  since  been  used  by  the 
company. 

While  at  Niagara,  he  acted  as  con- 
sulting engineer  for  various  enter- 
prises other  than  the  Niagara  develop- 
ment, and  in  March,  1899,  accepted 
the  position  of  consulting  electrical 
engineer  to  the  Manhattan  Railway 
Company,  of  New  York  City,  taking 
charge  of  the  design  and  installation 
of  the  complete  electrical  equipment 
of  the  elevated  lines.  In  September, 
1900,  the  first  power  plant  at  Niagara 
being  completed  and  in  successful  op- 
eration, he  resigned  his  position  with 
the  Niagara  companies  to  give  his  en- 
tire time  to  the  Manhattan  Railway 
Company  and  to  practice  as  consult- 
ing engineer  in  the  city  of  New  York. 
He  subsequently  received  from  the 
president  of  the  Cataract  Construction 
Company  the  Niagara  medal,  de- 
signed by  MacMonnies  and  engraved 
by  Paulin  Tasset. 

In  November,  T900,  he  became 
electrical  director  of  the  Rapid  Transit 
Subway  Construction  Company,  now 
the  Interborough  Rapid  Transit  Com- 
pany of  New  York,  in  addition  to  his 
other  official  and  professional  duties. 

Mr.  Stillwell  has  patented  a  number 
of  important  inventions  having  to  do 


with  the  practical  application  and  use 
of  electricity  in  power  transmission 
and  railway  practice.  He  is  a  member 
of  the  American  Philosophical  Soci- 
ety; the  American  Society  of  Civil 
Engineers;  the  American  Institute  of 
Electrical  Engineers;  the  British  In- 
stitution of  Electrical  Engineers,  and 
of  many  other  scientific  and  engineer- 
ing societies.  His  scientific  papers, 
presented  before  technical  societies 
and  in  some  of  the  leading  technical 
periodicals,  include  the  following:— 
"The  Electrical  Transmission  of  Pow- 
er from  Niagara  Falls";  "Frequency 
in  Alternating  Current  Plants  for 
Lighting  and  Power";  "The  Relation 
of  Size  and  Efficiency  in  Transform- 
ers"; "Possibilities  of  Electrical 
Transmission  and  Distribution  of 
Power  in  Pittsburg";  "Electrical 
Equipment  of  the  Manhattan  Railway 
Companv";  and  "Electric  Power  Gen- 
eration at  Niagara,"  this  last  having 
been  prepared  specially  for  the  Niag- 
ara Power  Number  of  "Cassier's 
Magazine,"  published  in   1895. 


Gutta  Percha  in   the   Philippines 

THE  Bureau  of  Government  Lab- 
oratories at  Manila  has  for- 
warded to  the  War  Depart- 
ment at  Washington  a  report  upon 
the  gutta  percha  and  rubber  situation 
in  the  Philippine  Islands.  The  report 
deals  briefly  with  the  commercial  his- 
tory of  gutta  percha  and  its  discovery, 
and  the  rapid  depletion  of  the  supply 
in  the  East  India  Islands.  The  last 
source  of  gutta  percha  developed  is 
that  in  the  Philippine  Islands,  but  here 
the  regions  which  produce  this  mate- 
rial for  the  market  are  confined  to  the 
islands  of  Mindanao  and  Tawi-Tawi. 
The  method  of  harvesting  used  at 
present  by  the  natives  consists  in  cut- 
ting down  the  large  trees,  ringing  the 
trunk,  lopping  off  the  larger  branches 
and  then  catching  the  milk  as  it  flows 
out.  This  is  very  wasteful,  as  but  a 
small  part  of  the  milk  is  secured.  For- 
tunately, however,  this  process  pays 
only  with  large-  trees,  so  that  the 
smaller  ones  are  not  destroyed.  This 
method  of  harvesting  has  been  pro- 
hibited, and  rules  provided  for  tap- 
ping the  trees,  but  these  have  never 
been  enforced.  At  the  present  time, 
the  gutta  percha  trees  have  disap- 
peared from  the  coast  regions  and  are 
along  the  large  rivers. 


One  of  the  features  of  "Dream- 
land," the  new  amusement  resort  at 
Coney  Island,  New  York,  is  a  tower 
375  feet  high  lighted  with  100,000 
electric  lights.  The  total  number  of 
lights  on  the  buildings,  the  tower  and 
the  avenues  runs  up  to  a  million. 
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Influence    of    Electricity    on    the 
Strength  of  Meta^ls 

IN  a  paper  on  "The  Physical  Prop- 
erties of  Current-Bearing  Mat- 
ter," recently  presented  before 
the  physical  section  of  the  Franklin 
Institute,  Dr.  Paul  R.  Heyl  stated  that 
Peltier  sent  currents  through  wires 
of  copper  and  iron  for  from  4  to  19^ 
days,  afterwards  breaking  them  while 
no  current  was  passing.  It  appeared 
as  if  copper  was  weakened  by  this 
treatment  and  iron  strengthened. 
There  are  several  objections  to  be 
urged  in  this  connection,  chiefly  the 
long  continued  thermal  effect,  and  the 
fact  that  pieces  of  wire  cut  from  the 
same  spool  may  vary  several  per  cent, 
in  tensile  strength.  The  latter  diffi- 
culty can  be  eliminated  only  by  a  large 
number  of  systematic  observations. 

Wertheim  broke  wires  while  the 
current  was  passing,  and  found  that 
gold  was  apparently  weakened  about 
40  per  cent.  He  seems  to  have  broken 
one  such  wire  with  the  current  and 
one  without  it.  In  a  few  experiments 
on  iron  and  steel  he  found  changes 
sometimes  one  way  and  sometimes 
the  other,  of  the  order  of  2  to  10  per 
cent.  His  treatment  of  the  subject 
is  not  sufficiently  elaborate,  and  he 
says  himself  that  he  is  unable  to  dis- 
tinguish between  the  sought  effect  and 
the  acompanying  thermal  effect. 


The  Development  of    Water  Powers 

SPEAKING  of  the  development  of 
water-powers  in  his  presidential 
address  a  short  time  ago  before 
the  Institution  of  Civil  Engineers,  Mr. 
John  Clarke  Hawkshaw  gave  a  brief, 
but  interesting,  survey  of  some  of  the 
more  important  accomplishments  in 
this  branch  of  engineering  in  differ- 
ent parts  of  the  world  and  of  the  possi- 
bilities yet  to  be  realized. 

The  great  difficulty  in  the  way  of 
utilizing  falls  of  water  for  indus- 
trial purposes  is  the  variation  in  the 
supply  of  water,  which,  in  all  water 
courses,  depends  upon  the  seasons. 
In  some  cases,  as  Mr.  Hawkshaw  re- 
marked, the  supply  falls  off  in  winter 
when  the  sources  are  frozen,  and  is 
abundant  in  summer  when  glaciers 
and  snow  melt.  In  others  the  reverse 
is  the  case,  and  the  falling  off  is  dur- 
ing the  summer  droughts.  Even  Ni- 
agara, notwithstanding  the  regulat- 
ing effect  of  the  Great  Lakes,  is  sub- 
ject to  considerable  variation.  But 
where,  as  Niagara,  the  available 
power  is  so  much  in  excess  of  require- 
ments, this  variation  is  of  little  mo- 
ment if  we. consider  only  the  supply 
of  water  for  power;  and  yet  an  artifi- 
cial regulation  of  the  lakes  is  under 


consideration,  with  a  view  to  prevent 
too  great  a  variation  in  the  level  of 
the  surface  owing  to  the  discharge 
through  canals,  for  power  and  other 
purposes.  In  smaller  rivers  it  is  nec- 
essary to  consider  the  minimum  flow, 
and  if  that  falls  very  low,  or  is  sub- 
ject to  much  variation  from  year  to 
year,  the  uncertainty  may  make  the 
source  of  power  of  little  value. 

The  only  remedy  against  this  varia- 
tion is  to  regulate  the  flow  of  water  in 
the  river  by  building  dams  and  storing 
the  flood-water  at  suitable  places.  In 
a  settled  country  this  will  generally  be 
a  matter  of  great  difficulty,  and  often 
of  prohibitive  cost,  owing  to  the  inter- 
ference with  vested  interests  which 
any  variation  of  the  accustomed  levels 
of  the  water  will  bring  about.  The 
cost  is  reduced  to  a  minimum  when 
lakes  can  be  used  for  storage  reser- 
voirs. 

At  Foyers,  the  one  example  of 
water-power  used  for  industrial  pur- 
poses on  a  considerable  scale  in  Great 
Britain,  sufficient  water  could  be  ob- 
tained only  by  lake  storage.  In  Ire- 
land, the  Shannon  is  a  river  well 
adapted  for  providing  water-power. 
It  has  a  rapid  fall  near  the  sea,  and 
large  lakes  conveniently  placed  for 
storage  reservoirs;  but  fisheries,  navi- 
gation and  the  vested  rights  of  ripa- 
rian owners  have,  so  far,  barred  the 
way  to  the  full  use  of  the  large  power 
available  there. 

In  countries  where  the  land  is  un- 
cultivated and  of  little  value,  as  in 
parts  of  South  Africa,  and  where  the 
rivers  are  dry  or  of  small  volume  at 
certain  seasons  of  the  year,  it  will 
often  be  possible  to  form  large  res- 
ervoirs in  the  river  valley  itself,  at  a 
comparatively  small  cost ;  but,  as  a 
rule,  this  will  exceed  the  cost  of  stor- 
ing water  in  existing  lakes. 

In  Norway  the  greatest  facilities 
exist  for  regulating  the  rivers,  and 
thereby  obtaining  a  large  measure  of 
the  power  to  be  derived  from  the 
water  flowing  into  them.  Lakes,  many 
of  large  size,  may  be  numbered  by 
thousands.  Many  of  these  have  al- 
ready been  regulated,  some  for  navi- 
gation purposes  and  some  for  timber- 
floating  and  some  are  now  being  reg- 
ulated for  water-power.  On  Lake 
Mjosen  storage  has  been  provided  for 
840,000,000  cubic  meters,  at  a  cost  of 
£14,400.  It  is  estimated  that  263,000 
H.  P.  could  be  supplied  by  the  larger 
rivers  of  Norway  south  of  Trondh- 
jem  without  regulation;  by  regulation 
the  powrer  would  probably  be  quad- 
rupled. 

At  one  of  the  falls  on  the  Glommen, 
where  there  is  45,000  H.  P.  available, 
a  power  house  has  been  erected  from 
which  the  power  will  be  transmitted 
to  Christiania.    Germany,  Austria  and 


Switzerland  have  made  larger  use  of 
water-power  for  industrial  purposes, 
and  in  some  cases  for  working  rail- 
ways. France  uses  water-power  to 
the  extent  of  500,000  H.  P.  already. 
Italy  is  making  use  of  her  waterfalls, 
transmitting  power  to  a  distance  of 
62  miles  on  Lake  Como  for  railway 
and  other  purposes. 

It  is  in  the  United  States,  however, 
that  most  progress  is  being  made  in 
the  electrical  transmission  of  water- 
power.  Forty-three  companies,  hav- 
ing a  total  capacity  of  177,300  H.  P., 
transmitted  power  over  a  line  distance 
of  1594  miles,  on  an  average  36' 
miles,  with  a  voltage  which  ranges 
from  10,000  to  60,000  volts.  The 
maximum  distance  over  which  power 
is  transmitted  is  from  Colgate  to  San 
Francisco,  220  miles,  with  a  loss  of  25 
per  cent.  Waterfalls  are  made  use  of 
under  the  most  varied  conditions  as 
regards  volume  and  fall.  At  Niagara 
the  body  of  water  is  large,  and  the 
fall  is  between  150  and  200  feet;  at 
Sault  Ste.  Marie,  between  Lakes  Su- 
perior and  Huron,  the  body  of  water 
is  also  large,  but  the  fall  is  small, 
namely,  24  feet;  at  Colgate  the  body 
of  water  is  small,  but  the  fall  is  1500 
feet. 

Russia  in  Europe  has  not  available 
water-power  at  all  in  proportion  to  its 
area.  An  Imperial  Commission  re- 
cently decided  that  the  water-power 
on  the  navigable  rivers  belongs  to  the 
government,  and  its  utilization  will 
depend  on  how  far  they  deal  with  it 
in  a  liberal  spirit.  The  hot,  dry  sum- 
mers and  cold  winters  are  not  favor- 
able to  water-power;  and  it  is  believed 
in  Russia  that  the  increasing  destruc- 
tion of  forests  is  prejudicially  affect- 
ing the  rivers,  which  have  too  much 
water  in  spring  and  too  little  in 
summer. 

Several  imortant  projects  are,  how- 
ever, under  consideration.  One  is  to 
develop  100,000  H.  P.  on  the  river 
Mista  to  work  the  St.  Petersburg  & 
Moscow  raihvay.  Another  is  on  the 
Volkhov  River,  which  connects  the 
Ilmen  and  Ladoga  lakes.  At  the  falls 
of  the  river  Narova,  at  Narva,  it  is  es- 
timated that  40,000  H.  P.  can  be  ob- 
tained, of  which  15,000  H.  P.  is  al- 
ready used.  In  Finland  there  are  the 
Great  and  Little  Imatra  Falls,  also 
Prince  Menchikoff's  Rapids,  near 
Kotka,  with  40,000  H.  P.,  of  which 
15,000  H.  P.  is  already  utilized. 

In  South  America,  where  coal  is 
wanting,  the  rivers  which  flow  down 
the  western  slopes  of  the  Andes  will 
form  a  fruitful  source  of  power.  In 
Argentina  a  beginning  has  already 
been  made  at  Cordova.  Many  of  the 
rivers  from  the  Andes  are  now  ab- 
sorbed in  the  arid  deserts  of  the  west- 
ern pampas,  and  their  regulation  will 
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serve  the  double  purpose  of  irrigation 
and  power.  Brazil  has  one  grand  fall, 
that  of  Paulo  Alfonso,  147  miles  from 
the  sea  on  the  Rio  San  Francisco, 
which  is  navigable  to  the  fall.  By 
some  who  have  seen  both,  this  fall  is 
regarded  as  a  finer  sight  than  Ni- 
agara. 

Africa,  with  its  four  great  rivers  and 
notable  waterfalls,  has  a  vast  amount 
of  water-power  in  store  for  the  future. 
Notwithstanding  the  requirements  for 
irrigation,  some  water  should  be 
available  for  power  at  Assouan,  on  the 
Nile.  Above  the  first  cataract  are  six 
more,  and  further  south  are  the  Mur- 
chison  Falls,  where  the  Nile  descends 
700  feet  in  10  to  15  miles.  On  the 
Zambesi  there  is  the  Victoria  Fall, 
with  a  height  more  than  two  and  a 
half  times  that  of  Niagara. 

At  Stanley  Pool,  on  the  Congo, 
Stanley  estimates  the  discharge  when 
the  river  is  lowest  at  1,436,850  cubic 
feet  per  second,  more  than  four  times 
the  maximum  discharge  at  Niagara. 
In  Southern  India  a  beginning  has 
been  made.  Electric  power  is  sup- 
plied to  the  Kolar  gold  fields  from  the 
Cauvery  Falls,  distant  90  miles;  and 
it  is  estimated  that  60,000  H.  P.  can 
be  obtained  from  the  Periyar  reser- 
voir, which  was  made  for  irrigation 
purposes. 

There  are  other  sources  available 
for  water-power  in  northern  India, 
some  of  which  have  already  been 
considered  with  a  view  to  their  utili- 
zation. In  course  of  time  these  great 
waterfalls  of  the  world  will  all  become 
centers  of  industry  and  manufacture. 


Electric  Action  in  Plants  and  Ani- 
mals 

SOME  of  the  results  of  the  latest  in- 
vestigations of  electrical  phe- 
nomena in  plants  and  animals  are 
given  in  an  article  by  Dr.  W.  Bieder- 
mann,  in  the  "Ergebnisse  der  Physio- 
logic" (Wiesbaden). 

According  to  extracts  from  this, 
printed  in  the  "American  Monthly  Re- 
view of  Reviews,"  there  is  nowhere 
else  in  organic  nature  an  example  of 
the  direct  generation  of  mechanical 
and  electrical  energy,  on  a  large  scale, 
of  corresponding  adaptation  of  struc- 
ture and  change  of  function,  similar 
to  that  found  in  the  so-called  electric 
fishes,  which  have  the  power  of  dis- 
charging electricity  at  will,  as  a  means 
of  defense. 

A  number  of  fishes  have  this  power 
to  a  certain  degree,  but  the  electric 
organ  is  most  perfectly  developed  in 
the  South  American  eel  (Gymnotus), 
in  which  tnere  is  a  pair  of  electric  or- 
gans lying  on  the  ventral  side  of  the 
tail ;  in  the  electric  sheath-fish  (Malap- 


terurus),  in  which  the  electric  battery 
ensheaths  the  body;  and1  in  the  fish 
known  as  the  "torpedo,"  which  has 
electric  organs  on  each  side  of  the 
head. 

The  organs  consist  of  columns  of 
living  tissue  that  originate  as  muscle, 
but  los-^  all  resemblance  to  it  in  the 
course  of  development  and  take  the 
form  of  thin  plates,  a  fraction  of  a 
millimeter  thick,  placed  one  above  an- 
other. The  organ  has  a  very  large 
nerve  that  sends  a  branch  to  each  plate, 
and  this  branch  sub-divides  inside  the 
electric  plate  into  fine  threads  form- 
ing a  delicate  network  connected 
with  innumerable  microscopic  electric 
rods.  The  active  electro-motor  princi- 
ple is  supposed  to  lie  in  this  delicate 
terminal  network,  with  its  electric  rods, 
and  the  degree  of  electric  power  is  di- 
rectly correlated  with  the  degree  of 
development  of  this  structure.  It  is  a 
noteworthy  fact  that  the  blood  supply 
of  the  electric  organ  is  very  meager  as 
compared  with  the  blood  supply  of  the 
muscles.  In  the  ray  fishes  the  blood 
vessels  never  penetrate  the  plates  that 
compose  the  organ,  but  lie  between 
them. 

Observations  of  the  action  of  the 
electric  current  were  made  by  means 
of  a  telephone  placed  in  connection 
with  the  fish  and  provided  with  a  de- 
vice attached  to  the  vibrating  disk,  by 
means  of  which  any  electrical  stimulus 
conveyed  to  it  would  be  registered  by  a 
line  drawn  on  paper.  It  was  found  that 
often  there  is  an  electric  discharge 
from  the  fish  while  swimming,  without 
any  defensive  purpose.  On  account 
of  the  manner  of  swimming,  the  posi- 
tive pole  of  the  apparatus  was  some- 
times stimulated,  and  sometimes  the 
negative  pole,  and  it  was  found  that 
the  quality  of  the  sounds  produced 
through  the  telephone  varied  ac- 
cording to  the  pole  stimulated,  and 
may  be  either  weak  and  dull  or 
sharp  and  crackling.  The  electric 
organs  on  both  sides  of  the  body 
always  discharge  simultaneously,  like 
one  organ.  There  is  no  voluntary 
variation  in  the  strength  of  the  dis- 
charge, but  the  shock  may  be  made 
more  intense  by  the  cumulative  effect 
of  more  rapid  discharge  of  the  electric 
organ.  A  single  stimulation  of  the 
organ  in  the  electric  sheath-fish  will 
produce  a  whole  series  of  discharges 
a  fraction  of  a  second  apart. 

The  writer  distinguishes  weak  and 
strong  electric  fishes.  In  the  former, 
the  organ  lies  deeper  in  the  tissues  of 
the  body,  and  lacks  the  finer  develop- 
ment of  nervous  structure  found  in  the 
latter. 

There  are  certain  noteworthy  obser- 
vations on  manifestations  of  electricity 
in  plants  which  promise  to  be  of  great 
interest  from  the  theoretical  point  of 


view.  There  are  probably  always 
electro-motor  activities  in  the  different 
parts  of  plants,  which,  it  is  reasonable 
to  assume,  are  due  to  chemical  differ- 
ences in  the  different  layers  of  cells, 
and  they  have  been  observed,  not  only 
as  responses  to  mechanical  stimula- 
tion, but  as  accompanying  manifesta- 
tions in  the  assimilation  of  carbon 
dioxide  in  the  regular  process  of  plant 
nutrition. 

Certain  plants,  among  them  iris, 
nicotine,  begonia  and  nasturtium,  are 
more  favorable  than  others  for  these 
experiments.  If  one  of  them  be  placed 
in  connection  with  a  galvanometer  by 
means  of  electrodes  attached  to  leaves 
on  different  sides,  and  one  side  of  the 
plant  be  exposed  to  ^unlight  while  the 
other  side  is  kept  shaded,  then  within 
from  three  to  ten  seconds  after  expos- 
ure to  sunlight  there  will  be  a  flow  of 
electricity  from  the  lighted  to  the 
shaded  parts  amounting  to  0.005  to 
0.02  volt.  This  continues  for  about 
five  minutes,  when  the  magnet  begins 
to  swing  back  and  shows  an  opposite 
current  of  considerable  magnitude. 
The  manifestations  are  similar  to  those 
of  tetanized  nerve. 

The  electric  current  of  green  leaves 
is  least  in  diffused  daylight,  greater  in 
refracted  light,  and  most  in  direct  sun- 
light, and  it  is  further  affected  by  the 
temperature,  20  degrees  C.  being  the 
optimum  for  iris.  Cooking  the  leaves 
destroys  their  electric  activity,  and  the 
electric  manifestations  are  not  found  in 
plants  that  do  not  have  geen  leaves. 
This  was  considered  as  proof  that  the 
generation  of  electricity  accompanies 
the  assimilation  of  carbon  dioxide. 


Minerals  containing  radium  are 
said  to  have  been  discovered  in  the 
Province  of  Quebec.  The  ore  from 
which  radium  and  oxide  of  uranium 
have  been  extracted  was  taken  from  a 
white  mica  mine  about  18  miles  back 
of  Murray  Bay,  in  Charlevoix  County. 
White  mica  deposits  exist  at  several 
points  in  Quebec  and  eastern  On- 
tario, and  these,  according  to  report, 
will  be  developed  next  summer  by  an 
electric  company,  which  hitherto  has 
imported  its  mica  supplies  from  India. 


Trade    News 


The  Westinghouse  Company  have 
received  orders  for  the  equipment  of 
two  long  interurban  roads  on  their 
single-phase  system  of  electric  trac- 
tion. One  of  these  is  the  Fort 
Wayne,  Decatur  &  Springfield  Rail- 
road, extending  between  Fort  Wayne 
and  Springfield,  a  distance  of  no 
miles,  and  the  other  is  a  high-speed 
line,  53  miles  long,  between  Indian- 
apolis   and    Connelsville.     The  high- 
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tension  feeders  are  to  be  worked  at 
16,500  volts,  and  the  trolley  line  at 
3300  volts,  there  being  transformer 
substations  at  about  every  10  miles. 
This  tension  will  be  further  reduced 
by  static  transformers  carried  on  the 
cars  before  the  current  reaches  the 
motors.  On  the  Indianapolis  line  tne 
cars  will  run  with  direct-current  when 
inside  Indianapolis  city  limits. 

The  Walworth  Mfg.  Co.,  of  Boston, 
Mass.,  announce  that  they  have  re- 
vised the  list  on  Stillson  wrench  parts 
and  that  this  revised  list  can  be  had 
upon  application  in  advance  of  circu- 
lars that  will  be  sent  to  the  trade  at  as 
early  a  date  as  possible. 

The  Shepherd  Engineering  Com- 
pany, of  Franklin,  Pa.,  builders  of 
Shepherd  steam  engines,  has  recently 
opened  a  branch  office  in  the  Wither- 
spoon  Building,  Philadelphia,  with 
Edward  D.  Sidman  in  charge. 

The  Arnold  Electric  Power  Station 
Company,  of  Chicago,  has  been  re- 
tained by  the  Detroit,  Flint  &  Sagi- 
naw Railway,  of  Michigan,  to  design 
its  power  house,  and  also  the  electric 
distribution  system  for  the  proposed 
trolley  line  between  Saginaw  and 
Flint. 

The  Canadian  business  of  the  Allis- 
Chalmers  Company,  which  recently 
acquired  the  Bullock  Electric  Manu- 
facturing Company,  of  Cincinnati, 
will  hereafter  be  conducted  by  a  new 
organization  bearing  the  name  Allis- 
Chalmers-Bullock,  Ltd.  The  works 
and  principal  offices  of  this  new  com- 
pany are  in  Montreal. 

The  Carborundum  Company,  of 
Niagara  Falls,  N.  Y.,  recently  shipped 
two  freight  cars  loaded  with  products 
to  be  displayed  at  the  St.  Louis  Ex- 
position. One  of  the  principal  fea- 
tures will  be  a  great  pyramid  of  car- 
borumdum  crystals,  7  feet  high  and  6 
feet  in  diameter  at  the  base.  The  crys- 
tals are  of  the  most  beautiful  shapes 
and  colors,  and  will  produce  a  daz- 
zling effect  when  properly  lighted. 
The  balance  of  the  exhibit  will  be 
made  up  of  carborundum  wheels, 
sharpening  stones  and  other  products; 
also  samples  of  different  work  that  has 
been  made  possible  by  the  use  of  car- 
borundum. The  display  will  be  in 
charge  of  William  H.  Arison,  who  had 
charge  of  the  carborundum  exhibit  at 
Buffalo,  and  E.  W.  Taylor,  who  was 
in  charge  of  the  Charleston,  S.  C,  dis- 
play. 

The  Bullock  Electric  Manufactur- 
ing Company  have  removed  their  New 
York  offices  to  the  Empire  Building, 
No.  71  Broadway. 


The  Parkersburg,  Marietta  &  In- 
terurban  Railway  Company  is  ex- 
tending its  present  power  station  at 
Parkersburg,  W.  Va.,  with  Westing- 
house-Parsons  steam  turbines.  A 
400  K.W.  unit  will  be  installed  for  the 
present,  which  will  operate  on  150  lbs. 
steam  and  28"  vacuum.  Steam  will 
be  furnished  by  water-tube  boilers 
without  superheater.  The  generator 
will  furnish  2-phase,  60-cycle  current 
at  2200  volts  to  a  single-phase  dis- 
tribution system  supplying  current  for 
local  lighting.  The  turbine  unit  will 
operate  in  parallel  with  the  present 
equipment  of  the  plant,  which  con- 
sists of  Westinghouse  compound  en- 
gine generating  outfits  of  the  belted 
type.  Westinghouse-Parsons  steam 
turbines  also  are  to  be  installed  in  the 
new  power  station  of  the  Union  Me- 
tallic Cartridge  Company  at  Bridge- 
port, Conn.  The  initial  installation 
will  consist  of  two  turbo-generating 
units,  each  of  500  K.W.  capacity.  The 
two  units  will  operate  in  parallel,  and 
will  furnish  440-volt,  3-phase  current 
at  7200  alternations  per  minute  for 
general  power  and  lighting  purposes 
in  the  various  shops  located  within 
three  or  four  blocks  of  the  power  sta- 
tion. The  turbines  will  operate  un- 
der 150  lbs.  steam,  28"  vacuum,  and 
possibly  superheat.  The  installation 
is  in  charge  of  Mr.  Samuel  H.  Green, 
consulting  engineer,  Holyoke,  Mass. 

The  Chicago  firm  of  Becker  Bros., 
composed  of  O.  E.  and  C.  J.  Becker, 
announce  to  their  patrons  and  friends 
their  removal  to  their  new  address,  68 
West  Washington  street.  A  con- 
stantly growing  business,  both  in  the 
Perfection  carbon  brush  and  in  their 
motor  repair  work,  necessitated  better 
and  larger  facilities,  and  they  feel  that 
in  their  new  location  they  have  ample 
room  to  care  for  a  larger  volume  of 
business.  The  new  building  is  of 
brick,  30  x  75,  three  stories  and  base- 
ment for  storage.  The  first  floor  is 
devoted  to  the  office  and  show  room, 
second  floor  to  repair  work  and  third 
floor  to  the  brush  manufacture  and 
store  room  for  supplies. 

The  Standard  Underground  Cable 
Company,  of  Pittsburg,  in  conjunction 
with  the  McRoy  Clay  Works,  have  a 
joint  exhibit  at  the  St.  Louis  Exposi- 
tion immediately  adjoining  the  north- 
west entrance  of  the  Electricity  Build- 
ing. It  shows  a  cross-section  of  an 
actual  conduit,  consisting  of  seventy- 
two  ducts,  with  a  manhole  at  either 
end,  one  manhole  being  complete  with 
a  cover,  the  other  being  open.  A 
trench,  7  feet  deep  and  5  feet  wide,  ex- 
tends the  entire  length  of  this  conduit, 
method  of  laying  conduits,  including 
the  wrapping,  concrete  base  and  top, 


enabling  close  inspection  of  the 
and  the  general  construction  of  the 
manholes,  showing  hangers,  pipes  to 
poles,  etc.  At  one  end  in  the  man- 
hole is  shown  a  capstan  rigged  up  for 
drawing  in  cables  and  connected  to  a 
cable  which  is  mounted  on  a  reel  at 
the  other  manhole,  the  cable  being 
drawn  through  the  ducts,  and  part  of 
the  ducts  being  split  so  as  to  show  the 
method  of  fastening  cables  to  rope, 
etc.  From  the  manholes,  cables  go 
to  distributing  poles,  showing  the 
method  of  distribution  to  aerial  cables 
for  telephone,  electric  light  and  street 
railway  work,  with  various  terminals 
used  to  protect  the  ends  of  the  cable  in 
such  work.  The  McRoy  Clay  Works 
show  piles  of  clay  as  it  is  dug  from  the 
ground  and  the  various  processes 
through  which  the  material  goes  to 
produce  the  finished  duct.  The  Stand- 
ard Underground  Cable  Company 
shows  samples  in  handsome  cases  of 
all  the  various  cables  and  appliances 
made  by  them.  An  examination  of 
this  system  will  show,  in  very  com- 
plete detail,  the  method  of  installing 
conduits  and  drawing  cables  into  com- 
pleted conduits. 

The  Bristol  Company,  of  Water- 
bury,  Conn.,  is  exhibiting  a  complete 
line  of  recording  instruments  for  pres- 
sure, temperature,  and  electrical 
measurements,  in  the  Electricity 
Building  at  the  St.  Louis  Exposition. 
The  company  has  also  on  view  speci- 
mens of  the  Bristol  steel  belt  lacing:. 


New  Ca.ta.logues 

Power  presses  are  the  subject  of  a 
new  catalogue  by  the  E.  W.  Bliss 
Company,  of  Brooklyn,  N.  Y.  In 
addition  to  explaining  the  distinguish- 
ing features  of  this  line  of  its  product 
the  Bliss  Company  also  announces 
that  it  is  considering  the  manufacture 
of  automobiles. 

The  draughtsman,  engineer  or  sur- 
veyor will  find  a  very  complete  list  of 
instruments  in  the  catalogue  of  the 
Eugene  Dietzger  Company,  Chicago. 

An  electric  coal  mining  plant  is  the 
subject  of  a  pamphlet  issued  by  the 
Jeffrey  Manufacturing  Company,  Co- 
lumbus, Ohio.  Two  sizes  of  electric 
coal  mining  machine  plants  are  briefly 
described,  giving  the  approximate 
cost  of  equipment,  together  with  esti- 
mates of  savings  effected.  The  same 
company  has  also  prepared  a  bulletin 
dealing  with  storage  battery  industrial 
locomotives. 

Wire  rope  and  fittings  are  shown  in 
a  catalogue  recently  sent  out  by  the 
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American  Steel  &  Wire  Company, 
Worcester,  Mass.  Directions  for 
splicing  wire  rope  are  given,  together 
with  a  table  showing  the  proper  rela- 
tion between  the  rope  and  wheels  used 
in  transmitting  power  by  wire  rope, 
and  approximately  the  amount  of 
power  transmitted. 

Magnetic  chucks  and  surface  grind- 
ers are  described  in  a  pamphlet  issued 
by  O.  S.  Walker  &  Co.,  Worcester, 
Mass.  The  catalogue  illustrates  the 
various  types  of  surface  grinders, 
planers  and  rotary  magnetic  chucks 
now  largely  used  in  the  up-to-date 
shop. 

Views  showing  the  application  of  an 
aerial  wire-rope  tramway  to  the  trans- 
portation of  ore  for  the  North  Amer- 
ican Copper  Company,  in  Wyoming, 
over  a  distance  of  ]6  miles,  with  a  de- 
scription of  its  operation,  are  con- 
tained in  a  pamphlet  issued  by  the  A. 
Leschen  &  Sons  Rope  Company,  St. 
Louis,  Mo. 

The  Crane  Company,  Chicago,  has 
issued  a  circular  calling  attention  to 
the  main  points  of  the  Crane  pop  safe- 
ty valve.  The  special  features  of  the 
self-adjusting  auxiliary  valve  and 
spring,  the  encased  spring  valve,  and 
the  composite  marine  pop  valve  are 
briefly  described,  as  are  also  those  of 
the  self-adjusting  pop  regulator. 

Sewing  machine  motors  are  the  sub- 
ject of  a  pamphlet  recently  issued  by 
the  General  Electric  Company,  Sche- 
nectady. The  motors  illustrated  and 
described  are  both  direct  current  and 
induction,  and  are  adapted  for  a  va- 
riety of  uses  in  light  work. 

A  very  comprehensive  book  of  sup- 
plies for  foundrymen  and  pattern 
makers  has  been  prepared  by  the  S. 
Obermayer  Company,  Cincinnati. 

The  Sederholm  horizontal  tubular 
boiler,  built  by  the  Allis-Chalmers 
Company,  of  Chicago,  is  described  in 
a  new  catalogue  sent  out  by  that  com- 
pany. 

The  Parsons  steam  turbine,  as  made 
by  the  Westinghouse  Machine  Com- 
pany, East  Pittsburg,  Pa.,  is  described 
in  a  new  catalogue  just  brought  out  by 
the  makers.  It  illustrates  several  in- 
stallations of  turbo-generators,  and 
views  are  also  given  of  several  details 
of  the  turbine. 

The  Kellogg  Switchboard  &  Sup- 
ply Company,  Chicago,  has  supple- 
mented its  previous  catalogues  of  tele- 
phone supplies  by  one  of  magneto- 
switchboards.      The    catalogue    con- 


tains illustrations  of  switchboard  con- 
nections, and  also  directions  for  cable 
forming  and  splicing. 

"A  Clean  Chimney"  is  the  cover 
title  of  an  attractive  booklet  circulated 
by  the  Peabody  Coal  Company,  Chi- 
cago. The  economical  burning  of  coal 
without  smoke  is  discussed  by  A. 
Bement  in  this  publication,  which 
should  prove  of  no  little  interest  to 
engineers  and  to  all  consumers  of  coal 
for  industrial  purposes. 

The  Murray  Iron  Works,  Burling- 
ton, la.,  are  sending  out  a  new  cata- 
logue of  Corliss  engines.  The  several 
types  of  boilers  are  illustrated  and  de- 
scribed, as  are  also  the  feed-water 
heaters  and  air  compressors  as  built 
on  the  Murray  design. 

The  distinguishing  features  of  de- 
sign of  alternators  and  direct-current 
generators,  as  built  by  the  National 
Electric  Company,  Milwaukee,  Wis., 
are  set  forth  in  separate  catalogues 
published  by  that  company.  The 
various  types  for  high  and  low  tension 
and  for  direct-current  work  are  illus- 
trated throughout  and  the  details  fully 
explained. 

The  Foster  superheater  is  treated 
of  in  a  pamphlet  recently  sent  out  by 
the  Power  Specialty  Company,  of 
New  York  City.  In  addition  to  the 
description  of  this  form  of  superheat- 
er, the  pamphlet  contains  much  val- 
uable information  on  the  subject  of 
superheated  steam  generally. 

The  most  attractive  trade  publica- 
tion of  the  year  is,  without  doubt,  the 
recently  issued  pamphlet  of  the  West- 
inghouse Electric  &  Mfg.  Co.,  deal- 
ing with  the  industrial  and  sociologi- 
cal aspects  of  the  Westinghouse 
works.  The  purpose  of  the  little 
book  is  not  to  tell  anything  about  the 
various  inventions  which  have  been 
brought  out  under  the  Westinghouse 
name,  but  to  tell  something  about  the 
mammoth  electric  manufacturing 
plant  at  East  Pittsburg,  and  in  that 
respect  it  accomplishes  its  mission  in 
a  most  admirable  way.  The  engrav- 
ings are  splendidly  executed,  and  the 
typographical  excellence  throughout 
is  of  the  first  order. 


A  coin-receiving  device  used  at  the 
entrance  of  the  St.  Louis  Fair,  in  con- 
nection with  the  ordinary  registering 
turnstiles,  is  so  aranged  that  the  turn- 
stiles will  be  locked  except  when  a 
proper  coin  is  placed  in  the  machine, 
when  it  admits  one  person,  auto- 
matically locking  again  until  the  next 
coin  is  placed  in  it. 


Electroplating      upon      Aluminium 

ELECTROPLATING  upon  alu- 
minium has  been  the  subject  of 
not  a  few  contributions  to  the 
technical  press,  the  latest  literature 
along  this  line  being  the  result  of  in- 
vestigations conducted  at  the  Univer- 
sity of  Wisconsin,  published  in  "Elec- 
trochemical Industry"  of  recent  date. 
The  mode  of  operation  recommended 
is  to  first  clean  the  aluminium  by  im- 
mersion for  a  few  minutes  in  a  dilute 
hydrofluoric  acid  bath,  where  it  re- 
mains long  enough  to  produce  a  suit- 
able roughening  of  the  surface.  The 
deposition  upon  a  rough  surface  is 
more  adherent  than  upon  a  polished 
one,  and  this  step  is  therefore  of  im- 
portance. Upon  removing  the  alu- 
minium from  this  bath  it  is  rinsed  in 
running  water  and  then  dipped  for  a 
few  seconds  in  a  mixture  of  ioo  parts 
of  sulphuric  acid  and  75  parts  of  nitric 
acid,  both  concentrated,  from  which, 
after  rinsing  in  water,  the  aluminium 
comes  perfectly  white  and  clean.  If 
an  impure  aluminium  or  aluminium 
alloy  be  treated,  it  may  have  a  loosely 
adhering  black  coating  on  leaving  the 
hydrofluoric  acid  dip,  and  this  may  be 
removed  satisfactorily  by  brushing 
before  placing  it  in  the  final  acid  dip. 

The  aluminium  after  being  thus 
cleaned  is  transferred  to  the  zinc  plat- 
ing solution.  This  consists  of  a  mix- 
ture of  zinc  and  aluminium  sulphates 
in  the  proportion  commonly  used  for 
zinc  plating,  very  slightly  acidified 
and  having  a  density  of  about  15  de- 
grees Baume  and  containing  about  1 
per  cent,  of  hydrofluoric  acid  or  an 
equivalent  amount  of  potassium  fluo- 
ride. 

While  it  is  desirable  that  the  article 
be  transferred  from  the  cleaning  solu- 
tion into  the  plating  bath  without  un- 
reasonable delay,  it  is  not  essential 
that  it  be  done  with  great  rapidity, 
since  the  plating  solution  acts  also  as 
a  cleaning  one.  After  the  deposition 
has  proceeded  for  about  ten  or  fifteen 
minutes  with  a  current  density  of  from 
10  to  20  amperes  per  square  foot,  the 
article  may  be  taken  from  the  solution 
and  dried.  It  may  then  be  given  a 
coating  of  copper  or  silver  from  their 
cyanide  solutions,  using  such  precau- 
tions as  are  commonly  observed  in  the 
deposition  of  such  metals  upon  zinc. 

Where  the  final  coating  is  to  be  of 
gold,  it  may  be  advantageous  to  pol- 
ish the  copper  coating  before  deposit- 
ing the  gold,  as  otherwise  a  thicker 
gold  coating  will  be  necessary  to  pro- 
duce the  final  polish. 


In  the  work  of  boring  the  Simplon 
tunnel  somewhat  over  1 1-]-  miles  have 
been  completed,  leaving  slightly  less 
than  a  mile  yet  to  be  finished. 
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Large   Walter-  Power  Electric   Installations 


By     DR.     F.     A.     C.     PERRINE 


From   a  Paper  Read  before  the   National   Electric    Light  Association. 


THE  development  and  use  of  the  have     generally,     it     is     much     more  ervation   of   the   scenic   effects,   while 

waterfall  is  a  subject  not  only  worthy    of    attention    and    more    pic-  affecting  important  social  and  indus- 

of  vital  industrial  importance,  turesque     when     viewed     from     the  trial     improvements.      Young     men 

but   also   one   of  fascinating  interest.  standpoint  of  electrical  development,  have  been  the  pioneers  in  this  indus- 

Whatever    charm    the    subject    may  which  goes  hand  in  hand  with  a  pres-  try,    and    are    yet    to-day    among    its 
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foremost  workers.  There  has  been 
no  region  too  remote  and  no  problem 
too  difficult  for  their  energies  and 
ambition. 

But  before  attempting  to  present 
the  picturesque  view  of  this  work  that 
is  so  intensely  interesting  from  every 
side,  it  is  well  to  stop  and  consider 
why  we  should  be  especially  proud  of 
the  work  that  has  been  done,  beyond 
the  pride  that  we  feel  in  winning  suc- 
cess for  ourselves  and  taking  part  in 
making  nature  do  our  work  for  us. 
Without  thought,  it  is  often  the  cus- 
tom of  some  to  consider  and  arraign 
the  development  for  power  purposes 
of  the  streams  of  a  country  as  but  a 
form  of  industrial  vandalism.  Such 
a  belief  or  feeling  can  now  be  held 
only  by  the  thoughtless  and  unobserv- 
ing.  John  Ruskin,  during  many 
years  of  his  life,  bitterly  arraigned  the 
commercialisms  of  his  day,  blaming 
mechanical  inventiveness  and  prog- 
ress for  what  he  saw  about  him  worthy 
of  blame.  '  He  undoubtedly  placed  his 
finger  on  many  sore  spots  in  our  day 
of  progress,  and  about  his  teachings 
a  school  has  developed  which  has  ac- 
complished much  in  spite  of  the  fact 
that  many  of  his  fears  and  forebodings 
were  groundless.  The  hideous  char- 
acteristic of  commercial  growth  about 
which  he  complained  was  but  one  of 
the  accompaniments  of  new  growth, 
for  to-day  we  cannot  call  modern 
commercial,  industrial  and  mechanical 
progress  old. 

One  hundred  years  is  surely  a  short 
period  in  the  world's  history,  and  yet 
the  birthday  of  the  steam  engine  as 
applied  to  manufacture  dates  back 
only  to  the  spring  of  1786.  The  first 
fifty  years  of  the  nineteenth  century 
marked  the  introduction  of  all  we 
know  as  manufacturing,  while  the  last 
fifty  years  of  that  century  developed 
practically  all  of  the  machinery  we 
use  to-day.  Is  it  strange,  then,  that 
accompanying  the  birth  of  so  many 
new  ideas,  and  being  engaged  in  their 
rapid  development  and  introduction, 
those  concerned  with  this  work 
should  use  the  machinery  first  in  the 
crudest  and  most  temporary  manner, 
hesitating  to  build  and  plan  as  though 
in  the  belief  that  what  they  were  doing 
was  other  than  experimental  ? 

With  much  of  the  crude  mechani- 
cal application  completed,  we  are  now 
during  the  present  century  devoting 
our  time  and  talents  and  using  our  op- 
portunities for  the  development  of  the 
comfortable  and  artistic.  Surely,  no 
one  who  has  for  any  period  of  time 
considered  the  products  of  manufac- 
ture can  fail  to  notice  and  acknowl- 
edge this  advance. 

The  electrician  has  come  forward 
with  his  inventions  in  hand  to  remove 
the    factory'  from    the    bank  of    the 


stream  to  a  location  where  the  health 
and  comfort  of  the  operative  can  be 
considered,  and  he  has  established  the 
factory  where  there  is  a  possibility  of 
lifelong  occupation  with  less  of  dirt 
and  danger  than  ever  could  have  been 
accomplished  in  any  other  manner. 
Beyond  the  factory,  too,  the  influence 
reaches  far,  for  in  the  development  of 
every  horse-power  of  water  energy 
made  available  by  such  means,  there 
are  at  least  12  tons  of  coal  less  per 
year  that  it  is  necessary  to  mine  for 
doing  the  world's  work;  by  reason  of 
each  of  the  1000-H.  P.  generators  that 
the  electrical  companies  are  sending 
out  every  year  in  numbers  there  are 
12,000  tons  of  coal  less  to  be  mined 
per  year,  and  not  tor  one  year  only, 
but  "for  every  year  the  machine  con- 
tinues in  operation.  The  waterfall  has 
been  called  the  white  coal  mine;  the 
miners,  the  stokers;  the  coal  pass- 
ers being  the  sun,  the  winds  and  the 
rain  which  continually  replenish  the 
river's  source. 

Not  only  in  its  generation,  but  in 
its  application,  is  the  electrical  devel- 
opment of  the  water-power  important. 
It  surely  must  be  evident  to  all  how 
important  an  element  in  the  disinte- 
gration of  the  crowded  and  squalid 
portions  of  cities  is  the  extension  of 
electric  traction,  and,  further,  the  use 
of  electrical  power  that  may  be  dis- 
tributed to  great  distances  and  applied 
in  small  quantities  is  rendering  the 
small  manufacturer  more  independent 
of  the  large  one,  an  effect  which  in  our 
country  is  only  just  becoming  appar- 
ent and  important,  but  which  in  some 
localities  (as  notably  at  Geneva,  Switz- 
erland) has  had  a  marked  effect  on  the 
character  of  trade,  and  has  enabled  the 
home-worker  to  continue  in  competi- 
tion with  the  factory.  Do  not  think 
that  what  has  been  said  is  an  apology 
for  electrical  water-power  develop- 
ment. On  the  contrary,  it  has  been 
said  in  the  hope  of  calling  to  your  at- 
tention neglected  facts  that  are  about 
you  and  the  importance  of  work  that 
has  been  clone  in  your  midst. 

The  development,  transmission  and 
distribution  of  the  power  of  the  water- 
fall have  resulted  .from  the  continuous 
study  and  work  of  the  electrical  dis- 
coverers, inventors  and  engineers  dur- 
ing a  period  of  about  seventy  years, 
every  year  of  which  has  been  import- 
ant to  the  result  attained,  though  the 
last  ten  years  have  produced  the  most 
striking  of  the  practical  results.  Dur- 
ing this  period  the  advance  has  been 
so  rapid  as  to  astonish  even  the  most 
sanguine  and  enthusiastic  prophets 
of  advancement. 

The  art  of  the  electrician,  as  we 
know  it  to-day,  began  in  1832,  when 
Faraday,  working  in  his  laboratory  at 
Cambridge,  England,  discovered  the 


principle  of  the  production  of  electri- 
city from  magnetism,  and  laid  the 
foundation  for  the  invention  of  the  dy- 
namo-electric machine.  In  the  year 
following,  at  Albany,  N.  Y.,  Joseph 
Henry  discovered  the  principles  that 
are  now  embodied  in  the  transformer, 
and  with  the  foundations  for  the  art 
thus  laid,  the  inventions  began. 

Gradually  the  machinery  has  devel- 
oped, until  suddenly  and  accidentally 
the  reversibility  of  the  dynamo  was 
discovered  at  the  Vienna  Exposition 
of  1873,  and  the  whole  field  of  elec- 
tric-motor working  was  opened  up, 
for  the  reversed  dynamo  is  the  motor. 
Then  began  the  study  of  the  applica- 
tion of  electricity  as  a  motive  power. 
In  the  early  clays  attention  was  being 
given  almost  exclusively  to  lighting 
problems,  and  it  was  not  until  the 
early  eighties  that  the  motor  became 
a  really  important  machine.  About 
that  time  in  California,  in  Switzerland 
and  in  Northern  Italy,  beginnings 
were  made  in  the  electrical  use  of  the 
waterfall,  but  the  present  solution  of 
the  long-distance  problem  has  been 
based  upon  the  discoveries  of  Ferraris 
in  the  later  eighties.  The  work  of  this 
Italian  pointed  out  the  manner  in 
which  the  alternating  motor  could 
best  be  made,  and  how  that  beautifully 
simple  generator,  the  alternator, 
which  has  no  sparking  commutator, 
and  if  necessary  no  moving  wire, 
could  be  utilized  for  power  purposes. 

Furthermore,  the  experiments  of 
Henry  and  his  successors  had  shown 
how  the  pressure  of  the  alternating 
current  could  be  raised  or  lowered 
without  moving  apparatus,  and  this 
resulted  finally  in  the  development  of 
the  simple  transformer. 

The  first  American  plant  utilizing 
all  of  these  elements  was  installed  by 
the  Stanley  Company  at  Housatonic, 
the  current  being  transmitted  to  the 
Monument  Mills  and  Great  Barring- 
ton.  This  was  in  1893.  From  these 
small  beginnings  the  art  has  rapidly 
advanced,  the  engineers  and  inventors 
working  together  and  vieing  with 
each  other,  till  now  there  seems  no 
problem  too  difficult  or  startling  for 
them  to  attempt  together. 

The  most  startling  and  picturesque 
work  has  been  carried  out  on  the  Pa- 
cific Coast,  a  land  of  no  coal  and  little 
water,  but  in  which  the  rivers  flowing 
to  the  sea  descend  with  most  startling 
rapidity,  permitting  the  development 
of  great  powers  from  insignificant 
streams.  Over  and  through  the  cen- 
tral part  of  the  State  there  runs  a 
network  of  transmission  lines  fed  by 
machinery  designed  and  manufac- 
tured in  Pittsfield.  In  this  region 
many  falls  have  been  utilized,  and  the 
current  is  transmitted  to  great  dis- 
tances for  the   operation  of  lighting 
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plants,  railroad  and  mills.  Here 
the  season  of  practically  no  rain 
is  long  and  must  be  guarded  against 
by  the  storage  of  water  in  the  moun- 
tain lakes  of  the  high  Sierras 
at  elevations  of  from  6000  to  9000 
feet.  From  these  lakes  the  water  falls 
into  the  bed  of  the  rivers  where  it 
flows  among  the  high  mountains  and 
through  the  deep  canons  until  it  is 
caught  and  carried  along  the  moun- 
tain sides  through  ditches  and  along 
the  face  of  high  precipices  in  timber 
flumes,  until  a  point  is  reached  where 
the  difference  of  level  between  the 
ditch  and  the  river  is  sufficient,  and 
the  site  favorable  for  the  location  of 
the  power  house,  when  with  a  bold 
leap  the  water  is  carried  in  iron  pipes 
down  the  mountain  side  to  the  power 
house,  where  with  immense  force  it 
plays  on  the  buckets  of  the  wheels  in 
a  stream  of  great  power.  These  jets 
of  water,  spouting  under  pressures  of 
from  300  to  700  pounds  per  square 
inch,  seem  now  to  have  almost  lost 
the  character  of  ordinary  water  and 
to  have  become  a  different  substance. 

Nothing  built  will  resist  the  terrible 
tearing  force  they  develop.  The  mov- 
ing mountains  and  the  filling  of  rivers 
and  harbors  is  a  tale  familiar  to  all 
from  the  stories  of  mining  days,  but 
even  a  knowledge  of  this  does  not 
enable  one  to  realize  the  force  so  much 
as  does  the  fact  that  these  jets  will 
wear  away  and  tear  apart  riveted 
shells  of  boiler  iron;  a  stream  no 
larger  than  your  smallest  finger  will 
pierce  and  kill  a  man  as  quickly  al- 
most as  a  shot  from  a  gun;  the  skin 
will  be  stripped  from  the  hand  if  laid 
for  an  instant  along  the  side  of  the 
stream,  and  a  stone  or  board  thrown 
into  it  will  rebound  as  from  a  surface 
of  rubber,  it  being  thrown  many  feet 
away. 

The  scenes  about  these  power 
houses  are  of  great  beauty,  and  are 
filled  with  many  spectacular  features. 
As  one  approaches  one  hears  coming 
up  the  canon  a  continuous  humming 
sound  as  of  many  bees,  for  the  ma- 
chines that  one  sees  here  in  the  power 
house  once  in  operation  are  running 
continuously  for  weeks  and  months 
at  a  time.  One  can  hardly  realize 
that  in  this  bright  power  house,  with 
no  confusion  or  'dirt,  and  little  evi- 
dence of  what  one  ordinarily  associ- 
ates with  machinery,  current  is  being 
generated  for  the  operation  of  lights 
and  cars  and  mills  in  cities  many  miles 
away,  where  annually  the  use  of  many 
thousands  of  tons  of  coal  is  being  dis- 
placed. 

In  some  ways  the  transmission  of 
the  current  presents  more  startling 
feats  of  engineering  than  the  genera- 
tion of  the  current  itself;  poles,  wires 
and  insulators  must  be  brought  many 
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miles  into  the  mountains,  distributed 
at  inaccessible  spots  over  a  hostile 
country,  and  then  after  a  right  of  way 
has  been  cleared  through  the  forests 
the  task  of  erection  requires  great 
skill  and  the  ability  to  overcome  ob- 
stacles of  startling  variety.  At  times 
the  poles,  must  be  set  in  river  beds 
bv  cementing  to  mounds  of  rock  so 
that  they  will  not  be  carried  away  dur- 
ing the  spring  floods;  at  other  points 
the  line  must  be  swung  across  canons, 
at  times  in  spans  exceeding  one-quar- 
ter of  a  mile  in  length,  and  always 
stretching  away  over  hills  and  valleys 
to  the  far  distant  city  in  a  course  as 
straight  as  possible.  This  is  no  hap- 
nazard  work  such  as  is  often  seen  in 
the  construction  of  the  telegraph  and 
telephone  lines  about  us  here,  for  the 
success  of  a  transmission  plant  depends 
upon  the  permanence  and  continuity 
of  its  service,  for  the  attainment  of 
which  the  greatest  precautions  are 
taken  in  the  clearing  of  the  right  of 
way  and  providing  for  a  continuous 
patrol,  inspecting  and  guarding  the 
lines. 

In  the  cities  themselves  simple  sub- 
stations are  used  for  the  distribution 
of  the  current,  where  often  large 
amounts  of  power  are  made  available 
without  any  accompaniment  of  dust 
or  dirt  and  in  a  space  much  less  than 
could  avail  for  the  steam  engine  doing 
a  similar  amount  of  work. 

On  the  Pacific  Coast  nothing  is  con- 
sidered high  head  when  the  pressure 
is  less  than  100  pounds  per  square 
inch,  representing  a  fall  of  water  of 
about  200  feet,  and  from  such  heights 
the  heads  increase  to  a  maximum  of 
about  2000  feet,  which  represents  al- 
most the  maximum  in  the  develop- 
ments accomplished  up  to  the  present 
time. 

It  will  be  interesting  now  to  ex- 
amine one  that  is  almost  the  extreme 
in  the  opposite  direction,  and  for  that 
purpose  we  will  take  a  glance  over  the 
plant  at  Sault  Ste.  Marie,  Mich.  To 
be  sure,  the  financial  difficulties  of 
the  company  developing  this  power 
have  lately  attracted  much  attention, 
but  we  are  now  discussing  engineer- 
ing and  not  finances.  Of  engineering 
of  a  high  order  there  has  been  no 
lack  at  the  Sault. 

In  carrying  the  water  of  Lake  Su- 
perior around  the  St.  Mary's  Rapids 
to  the  power  house  below  them,  where 
the  small  head  of  18  feet  is  being  util- 
ized, one  of  the  deepest  and  widest 
canals  of  the  world  has  been  built,  25 
feet  deep  and  210  feet  wide.  This 
canal  curves  around  the  back  of  the 
town,  emptying  into  St.  Mary's  River 
through  the  power  house  which  has 
been  built  across  the  forebay  at  the 
end  of  the  canal,  the  house  itself  being 
T465   feet  long,  over  a  quarter  of  a 


mile.  In  this  great  power  house 
eighty  small  generators,  each  of  400 
II.  I'.,  are  set,  each  being  directly 
coupled  to  four  water-wheels  set  with- 
out any  flumes  or  pipes  directly  in 
the  waters  of  the  forebay  itself. 

The  difficulties  encountered  in  the 
development  of  this  great  power  plant 
have  been  those  of  handling  such  a 
great  volume  of  water,  but,  in  spite 
of  the  great  difficulties  that  have  been 
met,  the  cost  of  the  whole  work  has 
not  been  excessive,  and  when  this 
plant  is  entirely  completed  there  need 
be  no  fear  of  drought  or  flood,  for 
from  that  greatest  of  storage  reser- 
voirs, Lake  Superior,  the  flow  at  all 
seasons  is  remarkably  constant,  and 
at  times  sufficient  for  the  generation 
of  above  100,000  H.  P. 

Some  of  the  most  beautiful  natural 
scenery  surrounding  power  develop- 
ments is  to  be  found  in  our  neighbor- 
ing State  of  Mexico.  There  the  char- 
acteristic plant  is  one  with  a  diverting 
dam  in  the  river,  a  large  canal  along 
the  mountain  side,  and  a  water  head 
at  the  wheels  of  from  80  to  100  feet. 
The  work  done  in  Mexico  is  of  a  sur- 
prisingly stable  character;  in  every 
point  of  detail  the  extensive  use  of 
hand  labor  is  made  manifest,  whether 
in  dams,  canals  or  power  houses,  all 
of  which  is  warranted  by  the  fact  that 
the  fuel  supply  of  Mexico  is  severely 
limited  and  the  prices  paid  for  power 
make  large  returns  in  revenue  upon 
the   investment  in   the   power  plants. 

Let  us  not  think  that  the  develop- 
ment that  has  been  made  covers  either 
the  needs  or  the  opportunities  of  the 
present  day  or  that. the  installations 
now  being  undertaken  are  simply 
those  of  which  consideration  has  been 
previously  suspended  on-  account  of 
more  favorable  opportunities  of  power 
development  at  other  locations.  On 
the  contrary,  among  the  developments 
now  being  studied  are  some  of  whose 
importance  there  has  been  an  early 
appreciation.  It  is  true  that  by  reason 
of  the  advancement  in  electrical  ma- 
chinery for  the  development,  trans- 
mission and  utilization  of  energy, 
there  is  now  a  possibility  of  larger 
stations  than  in  any  previous  period 
of  the  world's  history,  and,  further- 
more, the  question  of  accessibility  and 
nearness  to  market  is  less  important 
than  heretofore;  since  there  is  now  al- 
most no  limit  to  the  size  of  develop- 
ment that  may  be  successfully  under- 
taken, though  ten  years  ago  there  was 
hardly  a  5000-H.  P.  water-power 
plant  in  the  country,  and  to-day 
transmission  distances  up  to  25  or  30 
miles  are  considered  short. 

At  present  engineers  are  engaged 
upon  the  studies  for  a  plant  of  great 
magnitude  on  the  Potomac  River,  at 
the  very  point  where  George  Wash- 
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ington  was  engaged  as  a  civil  engi- 
neer before  he  entered  Braddock's 
army. 

The  great  falls  of  the  Potomac 
operated  flour  mills  before  the  revolu- 
tion, and  Benjamin  F.  Butler  devoted 
much  of  his  time  and  money  toward 
securing  control  of  all  the  power 
rights,  leaving  to  his  heirs  a  property 
that  soon  will  be  utilized  in  operat- 
ing the  lights  and  railroads  of  the  city 
of  Washington.  The  great  falls  of  the 
Potomac  River  present  engineering 
difficulties  on  account  of  the  great 
fluctuations  in  the  flow  of  the  stream 
and  on  account  of  the  peculiar  fact 
that  below  the  falls  the  river  enters 
a  narrow  gorge  about  2  miles  in 
length  where,  during    flood    periods, 


the  variation  in  the  river's  depth  is  as 
much  as  6o  feet.  Only  after  continued 
study  of  the  situation  has  a  plan  been 
evolved  overcoming  these  difficulties 
by  running  a  long  canal  and  tunnel 
completely  around  the  gorge  and  lo- 
cating the  power  house  at  a  point 
where  the  river  widens  and  the  ebb 
and  flow  of  the  flood  waters  is  not 
great. 

I  trust  that  I  have  here  given  some 
slight  idea  of  the  problems  that  engi- 
neers have  overcome,  and  have,  at  the 
same  time,  given  some  insight  into 
the  fascinating  side  of  their  work, 
facing  nature  in  all  her  moods — facile, 
fickle  and  wild — and  ever  benefiting 
those  abroad  as  well  as  those  at  home 
for  all  the  future. 


The  Electric  Steel    Furnace  at  Gysirvge,  Sweden 

By    F.    A.    KJELLIN 

A   Paper   Read  before   the   American   Institute   of    Mining   Engineers 


THE  problem  of  smelting  steel 
by  electricity  attracted  the  at- 
tention of  inventors  years  ago, 
and  as  early  as  1879,  C.  W.  Siemens 
constructed  his  first  furnace  for  the 
smelting  of  metals,  especially  steel. 
This  furnace  was  of  the  arc  type  in 
which  the  voltaic  arc  was  formed  be- 
tween a  carbon  electrode  and  the  me- 
tallic contents  of  a  crucible,  the  length 
of  the  arc  being  regulated  by  an 
electromagnetic  device. 

This  electric  furnace,  as  well  as 
others  of  similar  construction,  has  the 
inconvenience  that  the  source  of  the 
heat — the  voltaic  arc — possesses  a 
temperature  of  3700  degrees  C,  which 
is  much  more  than  that  required  by 
steel  smelting.  The  result  of  the  use 
of  this  intense  heat  is  that  the  steel  is 
overheated  in  the  vicinity  of  the  arc, 
while  in  other  parts  of  the  furnace  it 
is  still  at  a  relatively  low  temperature. 
Another  inconvenience  is  that  the 
steel  very  easily  takes  up  impurities 
from  the  electrodes  consumed. 

The  cost  of  the  electrodes  also  is 
an  item  that  sensibly  increases  the 
cost  of  production,  and  the  carbon 
monoxide  resulting  from  the  oxida- 
tion of  the  electrodes  exerts  a  bad  in- 
fluence, as  it  prevents  the  steel  from 
giving  off  the  carbon  monoxide  dis- 
solved in  it.  A  more  uniform  heating 
of  the  steel  can  be  obtained  by  passing 
electric  currents  of  great  intensity 
through  the  steel,  and  using  the  heat 
evolved  by  the  resistance  of  the  steel 
for  the  smelting.  But  as  the  resist- 
ance of  metals,  even  when  molten,  is 
comparatively  low,  the  currents  used 
must  be  so  great  that  copper  cables 


get  a  section  at  least  as  great  as  that  of 
the  steel  in  the  furnace. 

Mr.  de  Laval,  the  well-known 
Swedish  inventor,  has  tried  to  dimin- 
ish this  inconvenience  by  using 
molten  slag  instead  of  steel  as  resist- 
ance hi  his  furnace;  but  the  results 
cannot  have  been  satisfactory,  as  the 
patent  has  been  allowed  to  expire. 

The  greatest  difficulty  in  electric 
furnaces  of  this  kind  comes  from  the 
electrodes,  for  the  reason  that  carbon 
electrodes  have  high  resistance,  cause 
great  losses  of  tension  and  power,  and 
are  soon  consumed  at  the  contact  with 
molten  steel.  Water-cooled  iron  elec- 
trodes could  possibly  be  used,  but  then 
the  magnetic  properties  of  the  iron 
create  new  difficulties.  In  order  to  get 
sufficient  intensity  of  current,  alter- 
nating-currents must  be  used,  and 
then  the  magnetism  causes  the  con- 
centration of  the  current  at  the  surface, 
of  the  electrodes  (skin  effect),  and  the 
result  is  great  current  density  in  the 
electrodes  with  great  losses  of  power, 
and  by  the  influence  of  self-induction 
a  diminished  capacity  of  the  electric 
generator  to  convert  mechanical  en- 
ergy into  electric  energy. 

In  order  to  eliminate  these  difficul- 
ties I  proposed  to  Mr.  Benedicks, 
general  manager  of  the  Gysinge 
works,  in  May,  1899,  to  build  an  elec- 
tric furnace  at  Gysinge,  without  elec- 
trodes. My  project  was  accepted  and 
I  went  to  Gysinge  to  carry  it  out. 

The  cut  on  page  357  shows  the 
principle  of  the  furnace.  An  annular 
groove,  AA,  forms  the  furnace  room, 
the  sides  and  bottom  of  which  consist 
of  refractorv  bricks.    The  covers  B  B, 


close  the  furnace.  In  the  center  of  the 
circle  formed  by  the  furnace  room  is 
a  triangular  core  or  cone,  C,  formed 
of  thin  insulated  copper  wire,  which 
continues  outside  the  furnace  and 
forms  with  the  furnace  room  the  two 
links  of  a  chain.  The  coil,  D  D,  is 
connected  with  the  poles  of  an  alter- 
nating-current generator. 

When  passing  through  the  coil  the 
current  excites  a  varying  magnetic 
flux  in  the  core  or  cone,  and  the  inten- 
sity of  current  in  the  steel  is  then  al- 
most the  same  as  the  primary  current 
multiplied  by  the  turns  of  wire  in  the 
primary  coil.  The  tension  of  the  cur- 
rent is  naturally  reduced  in  almost  the 
same  ratio  as  the  intensity  is  in- 
creased. In  this  way  it  is  possible  to 
use  an  alternating-current  generator 
of  high-tension,  and  yet  obtain  a  cur- 
rent of  low  voltage  and  great  intensity 
in  the  furnace,  without  using  trans- 
formers with  copper  cables  of  large 
sections  and  powers  and  costly  elec- 
trodes. 

In  February,  1900,  the  first  furnace 
at  Gysinge  was  ready  for  use,  and  by 
March  18,  the  first  steel  ingot  was 
cast,  which  from  the  beginning  was 
of  an  excellent  quality.  The  problem 
was  then  solved  technically,  but  not 
economically,  for  with  an  electric  gen- 
erator of  78  K.  W.,  only  600  lbs.  of 
steel  were  produced  in  twenty-four 
hours. 

The  next  furnace  built  was  ready  in 
November,  1900,  and  produced  with 
58  K.  W.  from  1300  to  1500  lbs.  of 
steel  ingots  in  twentv-four  hours.  The 
charges  were  composed  of  220  lbs. 
and  the  time  between  the  casts 
from  three  to  four  hours.  The  out- 
put was  not  fully  satisfactory,  because 
the  cooling  surface  of  the  walls  was 
too  great  compared  with  the  contents 
of  the  furnace,  and  the  cost  of  repairs 
was  also  rather  high. 

On  August  11,  1901,  the  sulphite 
pulp  mill  of  Gysinge  was  completely 
destroyed  by  fire,  and  it  was  then  re- 
solved not  to  rebuild  it,  but  to  use  for 
steel  smelting  the  water-power  for- 
merly absorbed  by  it. 

The  new  plant  was  ready  to  start  in 
May,  1902,  and  has  since  that  time 
worked  satisfactorily.  It  consists  of 
a  furnace  containing  4000  lbs.  of 
steel  from  which  from  2200  to  2400 
lbs.  are  taken  out  by  each  tapping  and 
the  rest  is  left  to  keep  the  current 
passing.  The  furnace  produces  with 
165  K.  W.  or  225  E.  H.  P.,  9000  lbs. 
of  steel  ingots  in  twenty-four  hours 
when  charged  with  cold  materials. 
The  electric  generator  gives  alternat- 
ing single-phase  current  of  3000  volts, 
which  is  directly  transformed  by 
means  of  the  primary  coil  and  iron 
core  (cone)  of  the  furnace,  into  a  cur- 
rent of  about  30,000  amperes  in  the 
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steel  that  forms  the  secondary  cir- 
cuit. 

The  smelting  process,  as  carried  on 
at  Gysinge,  where  only  first-class  steel 
is  produced  from  the  excellent  Danne- 
mora  pig  iron  and  weld  iron,  is  as 
follows : — 

After  casting,  about  1700  lbs.  of 
metal  are  left  in  the  furnace  to  keep 
the  current  passing,  and  to  this  are 
added  the  proper  quantities  of  pig 
iron,  bar  ends  and  steel  scrap  as  ex- 


nace,  as  shown  in  the  cut,  is  on  the 
same  level  as  the  working  floor,  and  the 
charging  is  done  simply  by  taking  off 
the  covers  and  putting  in  the  materi- 
als. As  the  heat  is  produced  in  the 
steel  itself,  the  slag  is  not  so  hot  as  in 
the  other  steel  furnaces,  and  conse- 
quently the  workmen  do  not  suffer 
much  from  the  heat.  The  steel  pro- 
duced is,  as  mentioned  above,  of  an 
excellent  quality,  uncommonly  dense, 
unusually    homogeneous    and    tough, 


A   TRANSVERSE    SECTION   AND    PLAN    OF   THE    KJELLIN   ELECTRIC    STEEL    FURNACE    AT    GYSINGE, 

SWEDEN 


perience  has  proved  will  give  the  per- 
centage of  carbon  desired  in  the 
resultant  steel. 

There  is  always  less  carbon  in 
the  steel  than  that  contained  in  the 
materials  charged,  for  the  reason  that 
the  pig  iron  is  rusty  and  the  steed  also 
takes  up  a  little  silicon  by  reduction 
of  the  silicic  acid  of  the  lining.  When 
the  charge  is  molten  and  overheated 
to  a  suitable  degree,  the  tapping  is 
done  in  the  same  way  as  in  the  open- 
hearth  furnace,  by  making  a  hole  in 
the  wall.     The  upper  part  of  the  fur- 


easy  to  work  cold  when  annealed,  and 
less  disposed  to  crack  and  warp  in 
hardening  than  other  kinds  of  steel.  I 
think  that  the  cause  of  these  excellent 
qualities,  apart  from  the  good  raw  ma- 
terials used,  must  be  due  to  the  fact 
that  the  product  contains  less  dis- 
solved gaseous  matter  than  other 
kinds  of  steel. 

As  every  one  knows,  even  small 
quantities  of  gases,  especially  hydro- 
gen, injure  the  quality  of  steel,  and 
the  principal  cause  of  the  high  quality 
obtained  by  smelting  in  crucibles  is. 


in  my  opinion,  that  the  steel  is  not  in 
contact  with  the  fuel  gases,  though  it 
may  absorb  a  little  through  the  por- 
ous walls  of  the  crucible.  In  the  elec- 
tric furnace  described  above,  the  steel 
has  no  opportunity  to  take  up  such 
gases  or  other  impurities,  and  the 
quality  is  even  better  than  that  of  cru- 
cible steel  with  the  same  analysis. 

To  make  special  steels  with  nickel, 
tungsten  or  chromium  offers  no  diffi- 
culties, and  the  alloys  themselves  are 
quite  homogeneous.  The  cost  of  pro- 
duction depends  principally  on  the 
efficiency  of  the  furnace  and  the  price 
of  the  power.  In  the  furnace  now  in 
use  at  Gysinge  the  losses  have  been 
proved  experimentally  to  be  87.5  K. 
W.,  so  that  the  effective  power  ab- 
sorbed by  the  steel  is  165  —  87.5  = 
77.5  K.  W.;  and,  as  those  produce 
9000  lbs.  of  steel  in  twenty-four 
hours,  1  effective  K.  W.  produces 
116  lbs.  of  steel  ingots  in  the  same 
time.  Every  additional  kilowatt  in  the 
furnace,  when  the  size  is  not  altered, 
increases  the  output  by  116  lbs.,  and 
it  is  calculated  that  within  a  few 
months,  when  a  stronger  water-wheel 
is  obtained,  to  produce  about  13,000 
lbs.  of  steel  ingots  with  200  K.  W. 

As  the  absolute  cost  of  labor  and 
repair  will  be  the  same,  those  costs 
for  1  ton  of  steel  ingots  will  be  about 
two-thirds  of  the  present  cost,  and  the 
price  of  power  per  ton  also  will  be 
sensibly  diminished.  At  Gysinge  the 
cost  of  repair  (renewing  the  lining  of 
the  furnace  when  it  is  worn  out)  was 
$60. 

From  experience  with  this  furnace 
it  is  calculated  that  a  furnace  of  736 
K.  W.,  or  1000  E.  H.  P.,  will  pro- 
duce 66,oco  lbs.  of  steel  ingots  in 
twenty-four  hours,  when  charged 
with  cold  materials.  With  hot  mate- 
rials the  output  is  much  greater.  For 
instance,  if  550  lbs.  of  molten  pig 
iron  are  charged  for  each  ton  of  steel 
ingots  produced,  the  output  is  in- 
creased from  66,000  to  80,000  lbs.  in 
twenty-rour  hours,  with  1000  E.  H.  P. 

In  my  opinion,  the  costs  .of  labor 
and  repairs  for  a  furnace  of  this  type 
will  be  less  than  those  of  an  open- 
hearth  furnace  of  the  same  size,  so 
that,  where  power  is  cheap,  there  is  a 
possibility  of  producing  a  steel  com- 
peting with  the  expensive  crucible 
steel  at  a  smelting  cost  not  exceeding 
that  made  in  the  open-hearth  furnace. 


A  Cincinnati  concern  is  manufac- 
turing a  motor-driven  ice  cream 
freezer.  The  motor  and  starting 
rheostat  are  mounted  on  a  solid  base, 
upon  which  is  also  secured  the  freezer 
geared  to  the  motor.  The  motor  is 
placed  on  cans  having  a  capacity  as 
low  as  25  quarts. 


Special   Structures  on   Transmission   Lines 


By  ALTON    D.  ADAMS 


TRANSMISSION  circuits  of 
high  voltage  should  be  given 
the  highest  positions  on  their 
pole  lines,  and  the  other  wires,  if  any, 
should  be  strung  from  5  to  10  feet 
underneath.  In  cases  where  a  trans- 
mission line  must  cross  circuits  of 
relatively  low  voltage,  the  poles  that 
carry  the  high-tension  wires  should  be 
high  enough  to  keep  them  from  10  to 
20  feet  above  the  other  circuits. 

When  a  transmission  line  is  run 
across  a  belt  of  timbered  country  all 
tree  limbs  that  overhang  the  wires 
should  be  removed,  and  it  is  also  de- 
sirable, where  practicable,  to  cut  down 
all  trees  that  by  falling  might  strike 
the  line.  Circuits  should  be  distant 
as  much  as  10  feet  if  possible  from  the 
sides  of  buildings  generally,  and  at 
least  twice  this  distance  from  their 
tops. 

In  cases  where  the  high-voltage  line 
crosses  a  steam  railway,  extreme  pre- 
cautions are  often  required.  Such 
precautions  may  take  the  form  of  ex- 
tra high  poles  and  of  special  overhead 
construction,  or  even  of  underground 
cables.  Thus,  at  Saratoga,  N.  Y., 
where  two  30,000-volt  circuits  from 
Spier  Falls  cross  the  tracks  of  the 
Delaware  &  Hudson  Railway,  two 
poles  are  set  at  each  side  of  the  right 
of  way,  so  that  the  plane  of  each  pair 
is  at  approximately  right  angles  with 
the  direction  of  the  wires. 

Each  pair  of  poles  is  placed  with  the 
poles  about  9  feet  apart  and  carries 
three  sets  of  double  cross-arms.  The 
top  pair  of  cross-arms  is  16  feet  long; 
six  feet  below  there  is  a  pair  14  feet 
long;  and  midway  between  these  top 
and  bottom  sets  is  a  pair  of  ioj-foot 
cross-arms.  Each  of  the  top  cross- 
arms  carries  six  insulators;  each  in- 
termediate arm  has  two  insulators; 
and  each  of  the  bottom  arms  four  in- 
sulators. On  the  four  intermediate 
insulators  of  each  top  cross-arm,  and 
on  the  two  insulators  of  each  inter- 
mediate arm,  the  six  wires  of  the  two 
three-phase  circuits  were  strung. 

Between  the  end  insulators  on  the 
two  pairs  of  top  cross-arms,  and  be- 
tween all  the  insulators  on  the  two 
pairs  of  bottom  cross-arms,  galvan- 
ized iron  wires  were  strung  over  the 
railway  track.  At  intervals  along 
these  wires  crossing  the  railway  they 
were  united  by  other  wires  at  right 
angles  to  their  length,  so  that  a  mesh 
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or  net  of  iron  wires  was  formed  about 
the  sides  of  and  underneath  the  30,- 
ooo-volt  circuits.  Should  one  of  the 
high-voltage  wires  fall,  it  is  almost 
certain  to  be  caught  by  the  net  of  iron 
wires,  and  thus  held  clear  of  the  rail- 
way. 

At  one  point  in  St.  Paul,  Minn., 
two  25,000-volt  three-phase  under- 
ground cables  that  carry  the  electrical 
energy  transmitted  from  Apple  River 
Falls,  between  the  terminal  house  and 
the  sub-station,  cross  a  deep  railway 
cut.  For  this  crossing  a  brick  well 
about  50  feet  deep  is  built  at  the  end 
of  the  conduits  on  one  side  of  the 
tracks,  and  from  the  bottom  of  this 
well  conduits  are  laid  to  the  bottom 
of  a  similar  well  on  the  opposite  side 
of  the  tracks.  The  two  cables  leave 
their  conduits  at  the  tops  of  these 
wells  and  drop  vertically  to  the  con- 
necting conduits  beneath  the  tracks. 

At  a  railway  crossing  of  the  13,000- 
volt  line  of  the  New  Hampshire  Trac- 
tion Company,  at  Portsmouth,  N.  PL, 
the  overhead  wires  were  required  to 
go  underneath  the  track.  For  the 
purpose  of  this  crossing  a  brick  ter- 
minal house  was  erected  on  each  side 
of  the  track,  and  in  these  terminal 
houses  the  overhead  lines  joined  the 
short  stretch  of  underground  cable. 

Sometimes  it  is  convenient  to  at- 
tach transmission  lines  to  a  railway  or 
other  bridge  in  crossing  a  river,  and 
in  such  cases  it  is  desirable  to  carry 
the  lines  over  the  top  of  the  bridge,  or 
at  least  on  one  side,  rather  than  un- 
derneath. 

The  two  three-phase  circuits  be- 
tween Apple  River  Falls  and  St.  Paul, 
which  operate  at  25,000  volts,  cross 
the  St.  Croix  River  over  a  railway 
bridge  at  a  point  where  the  river  is 
about  half  a  mile  wide.  Supports  for 
the  wires  are  provided  at  intervals  of 
50  feet  by  oak  timbers  that  are  in- 
serted between  the  ties  and  extended 
horizontally  to  a  distance  of  20  feet 
beyond  the  side  of  the  bridge.  The 
six  wires  are  carried  over  these  tim- 
bers in  a  horizontal  plane,  and  are 
spiraled  three  times  in  the  width  of  the 
river  to  avoid  inductive  effects  that 
would  be  increased  by  the  iron  of  the 
bridge. 

Another  instance  of  transmission 
lines  on  a  railway  bridge  is  that  of  the 
25,000-volt  circuits  from  Chambly, 
Que.,  which  cross  the  St.  Lawrence 


River  at  Montreal  over  the  top  of  .the 
Victoria  Bridge.  The  twelve  wires  of 
the  four  three-phase  circuits  in  this 
case  are  carried  on  timber  fixtures 
that  rest  on  the  top  of  the  bridge,  and 
mutual  induction  between  them  while 
over  the  steel  trusses  is  dampened  by 
several  transpositions  of  each  circuit. 

The  line  just  named  crosses  the 
Richelieu  River  a  short  distance  be- 
low the  power  station  at  Chambly  on 
two-pole  lines  set  a  few  feet  apart  in 
the  same  concrete  piers.  There  are 
six  of  these  piers;  each  span  between 
them  is  approximately  125  feet  in 
length,  and  each  pole  carries  its  six 
wires  on  two  pairs  of  double  cross- 
arms.  As  there  is  no  navigation  on 
the  river  at  this  point,  it  is  not  neces- 
sary to  carry  the  wires  very  high  at 
the  river  crossing,  and  the  poles  set  in 
the  concrete  piers  are  about  35  feet 
long. 

A  short  distance  from  the  river 
crossing  just  mentioned,  the  25,000- 
volt  line  passes  over  the  Chambly 
Canal,  which  affords  water  transpor- 
tation between  Lake  Champlain  and 
the  St.  Lawrence  River.  Two  steel 
towers  were  erected  on  each  side  of 
this  canal  to  carry  the  transmission 
lines  above  the  reach  of  shipping. 
Fach  of  these  four  towers  has  a  height 
of  144  feet  above  its  foundation,  the 
length  of  span  between  the  towers  is 
1  ^2  feet,  and  the  lowest  of  the  twelve 
conductors  supported  by  the  towers  is 
more  than  131  feet  above  the  water 
level.  On  each  tower  there  are  three 
sets  of  four-pin  cross-arms,  the  cross- 
arms  in  each  set  being  in  the  same 
horizontal  plane,  so  that  each  conduc- 
tor is  supported  by  four  insulators  on 
each  tower. 

In  order  to  reach  the  Island  of 
Montreal,  the  50,000-volt  three-phase 
circuit  from  Shawinigan  Falls  crosses 
the  Ottawa  River  at  a  point  about  14 
miles  from  the  city  of  that  name.  This 
crossing  is  made  by  spans  that  are 
1200  and  1850  feet  long,  respectively, 
and  which  are  supported  on  four  tow- 
ers 90  feet  high.  Instead  of  the  three 
aluminium  cables  that  form  the  regu- 
lar transmission  circuit  in  this  case, 
three  steel  cables  of  i-inch  diameter 
each  are  used  for  the  long  spans 
across  the  river.  It  was  possible  in 
this  case  to  divide  the  river  crossing 
into  two  spans,  because  of  an  island  in 
the  middle  of  the  stream. 
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The  most  notable  instance  where  a 
high-voltage  transmission  line  makes 
a  long  span  at  a  great  elevation  in  or- 
der to  avoid  shipping,  is  that  of  the 
60,000-volt  circuit  between  Colgate 
power  house  and  the  city  of  Oakland, 
Cal.,  which  crosses  the  Carquinez 
Straits  by  a  single  span  4,427  feet  long 
and  not  less  than  200  feet  above  the 
water.  These  straits  join  Suisun 
Bay,  into  which  the  Sacramento,  the 
San  Joaquin  and  other  rivers  empty, 
with  San  Pablo  Bay  and  the  Pacific 
Ocean. 

Two  three-phase  circuits  extend 
from  the  Colgate  power  house  to  the 
shores  of  this  bay,  but  the  crossing  is 
made  by  four  steel  cables  with  a  di- 
ameter of  £  inch  each,  three  of  these 
cables  being  used  to  form  a  single 
three-phase  circuit,  while  the  fourth 
cable  is  held  in  reserve.  Each  of  these 
four  steel  cables  has  a  dip  or  sag  of 
100  feet  between  the  towers  on  the 
opposite  banks  of  the  straits,  is  sup- 
ported at  each  tower  on  steel  rollers, 
and  is  secured  behind  the  respective 
towers  to  anchorages  6200  feet  apart. 
The  towers  thus  sustain  merely  the 
weight  and  downward  pull  of  the  steel 
cables,  and  the  direct  strain  of  each 
cable  is  sustained  by  its  anchorage  at 
each  end. 

The  tower  on  the  south  bank  is  65 
feet  high,  and  the  tower  on  the  north 
bank  is  225  feet  high,  above  the  foun- 
dations. Although  the  straits  are  only 
about  3200  feet  wide  at  the  point  of 
crossing,  it  was  thought  desirable  to 
locate  the  towers  some  distance  back 
from  the  banks  in  order  to  save  in  the 
height  of  the  towers,  and  the  distance 
between  them  was  thus  increased  to 
4427  feet.  The  north  tower  was  lo- 
cated on  land  that  has  an  elevation  of 
160  feet  above  the  water  level,  so  that 
the  top  of  this  tower  stands  385  feet 
higher  than  the  water  surface  of  the 
straits. 

A  still  higher  point  was  selected  for 
the  location  of  the  tower  on  the  south 
shore,  and  the  required  height  of  this 
tower  was  thus  reduced  to  65  feet 
above  its  foundation.  Each  of  the 
four  steel  cables  is  supported  at  each 
tower  by  a  pair  of  9  by  18-inch  square 
timbers  that  extend  out  horizontally 
from  the  tower,  so  that  the  cable  is  8 
feet  distant  from  its  side.  There  are 
four  pairs  of  these  timbers  on  each 
tower, — one  pair  at  the  top,  another 
pair  about  26  feet  below,  and  the  other 
two  pairs  spaced  at  equal  distances  in 
between.  These  pairs  of  timbers  pro- 
ject alternately  on  opposite  sides  of 
each  tower,  so  that  the  two  pairs  on 
the  same  side  of  each  tower  are  about 
13  feet  apart,  giving  the  higher  cable 
on  each  side  an  elevation  of  13  feet 
above  the  one  beneath  it. 

The  weight  of  the  |-inch  cable  in 


each  span  is  7.08  pounds.  With  its 
sag  of  1 00  feet  between  the  tower  sup- 
ports the  strain  on  each  steel  cable  is 
24,000  pounds,  and  as  its  breaking 
strain  is  guaranteed  to  be  98,000 
pounds,  the  factor  of  safety  is  4.  Each 
cable  at  each  tower  rests  on  five  steel 
sheaves  that  are  mounted  so  as  to  turn 
in  a  cast-iron  saddle  and  thus  allow  a 
movement  of  the  cable  to  compensate 
for  expansion  and  contraction.  Each 
of  these  sheaves  is  about  6  inches  in 
diameter,  and  the  cast-iron  saddle  in 
which  the  five  sheaves  of  each  group 
are  mounted  is  about  40  by  14  inches. 
The  saddle  is  bolted  to  a  timber  plat- 
form approximately  46  by  56  inches 
on  top  and  \2  inches  thick.  Six  por- 
celain insulators  of  special  design  sup- 
port this  timber  platform  and  are  let 
into  its  under  side  to  a  depth  of  about 
6  inches.  Each  of  these  insulators  is 
made  up  of  three  parts,  cemented  to- 
gether with  sulphur;  the  diameter  of 
the  petticoat  of  the  outer  part  is  17 
inches,  and  there  are  two  smaller  pet- 
ticoats underneath. 

A  steel  pin  is  cemented  into  each  of 
these  insulators  with  sulphur,  and  the 
outer  petticoat  of  each  insulator  is 
about  9  inches  above  the  cross-timber 
that  carries  its  pin.  Three  of  these 
cross-timbers,  each  carrying  two  of 
the  insulators,  are  employed  to  sup- 
port each  platform,  and  their  ends  rest 
on  and  are  bolted  to  the  pair  of  large 
timbers  that  extends  out  horizontally 
from  the  side  of  the  tower.  These 
platforms  have  eaves  to  carry  off 
water,  and  all  of  the  woodwork 
named  was  treated  with  insulating 
compounds. 

As  the  four  cables  are  thus  mount- 
ed they  are  20  feet  apart  in  a  horizon- 
tal direction,  this  distance  having  been 
adopted  to  avoid  any  possible  trouble 
from  swinging  of  the  cables,  which 
have  a  sag  of  100  feet,  as  stated  above. 

The  strain  of  24,000  pounds  on  each 
cable  is  taken  by  two  strain  insulators 
in  series  at  each  end  and  some  dis- 
tance behind  the  towers.  Each  pair 
of  strain  insulators  is  located  within 
an  anchor  house,  and  is  joined  to  an 
iron  anchor  rod  that  runs  back  into  a 
large  block  of  concrete  imbedded  in 
the  earth.  A  large  glass  plate  forms 
the  end  of  each  anchor  house  where 
the  cable  enters,  and  the  cable  passes 
through  a  hole  of  9-inch  diameter  in 
the  center  of  this  plate.  Each  strain 
insulator  is  of  rather  elaborate  design, 
as  it  was  required  to  resist  a  pressure 
of  60,000  volts  and  a  tension  of  24,000 
pounds.  For  greater  security  against 
electrical  breakdown,  however,  two 
insulators  were  put  in  series  at  each 
end  of  a  cable. 

Central  in  each  strain  insulator  is 
the  steel  draw-bar,  with  an  eye  in  its 
outer    end    and    a    thread,    nut    and 


washer  at  its  inner  end.  The  end  of 
(he  i^-inch  steel  cable  is  passed 
through  the  eye  of  the  draw-bar,  and 
the  strain  thus  exerted  on  the  bar  is 
resisted  by  a  steel  yoke  that  is  at- 
tached to  the  long  anchor  rod  that 
runs  back  into  the  mass  of  concrete. 
This  yoke  consists  of  a  steel  bar  bent 
at  its  middle  point  so  that  its  two 
halves  are  nearly  parallel  to  each 
other.  Each  end  of  this  bent  bar  has 
a  large  shoulder,  turned  inwardly,  and 
against  these  two  shoulders  a  heavy 
steel  collar  fits.  The  draw-bar  to 
which  the  cable  is  secured  passes 
through  the  center  of  this  collar,  and 
the  entire  strain  of  the  cable  is  exerted 
between  the  nut  and  washer  on  the 
draw-bar  and  the  steel  collar.  As  the 
surfaces  of  the  washer  and  the  collar 
between  which  the  strain  comes  are 
parallel  to  each  other,  and  the  pull  of 
the  cable  operates  to  draw  these  sur- 
faces toward  each  other,  the  insulation 
between  them  is  subjected  to  com- 
pression only. 

Three  pieces  of  insulation  separate 
the  draw-bar  to  which  the  cable  is 
connected  from  the  yoke  that  is  at- 
tached to  the  anchor  bolt.  One  of 
these  pieces  of  insulation  is  a  porce- 
lain tube  that  flares  at  one  end.  This 
tube  is  slipped  over  the  draw-bar  be- 
fore the  nut  is  screwed  on,  and  the 
flaring  end  of  the  tube  comes  next  to 
the  eye  of  the  bar  where  the  steel  cable 
is  attached.  Overlapping  the  smaller 
end  of  this  porcelain  tube,  and  ex- 
tending along  the  draw-bar  to  a  point 
beyond  the  steel  collar,  is  a  thick 
micanite  tube  or  bushing;  after  this 
bushing  passes  through  the  collar  its 
end  turns  up  into  a  washer  at  right 
angles  to  the  draw-bar.  The  washer 
thus  formed  fits  up  against  one  side  of 
the  steel  collar,  and  lies  between  this 
collar  and  the  large  iron  washer  on 
the  draw-bar. 

A  micanite  cup  or  flanged  washer 
fits  over  the  end  of  the  iron  washer 
just  named,  and  comes  next  to  the 
washer  formed  by  the  end  of  the  mi- 
canite tube.  These  two  micanite 
washers  thus  lie  between  the  iron 
washer  on  the  draw-bar  and  the  collar 
that  is  held  by  the  yoke,  and  are  com- 
pressed by  the  entire  pull  of  the  steel 
cable  on  the  draw-bar,  that  is,  by  the 
force  of  24,000  pounds.  Besides  with- 
standing this  compressing  force,  the 
two  micanite  washers  insulate  the  steel 
cable  of  the  60,000-volt  circuit  from 
the  anchor  rod  that  runs  into  the  con- 
crete. The  porcelain  tube  with  the 
flaring  end  is  intended  to  limit  dis- 
charge through  the  air  between  the 
draw-bar  and  the  yoke.  To  prevent 
surface  leakage  over  the  outside  edges 
of  the  micanite  washers,  and  also  dis- 
charge through  the  air  between  the 
washer  on  the  draw-bar  and  the  collar 
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on  the  yoke,  a  small,  circular  copper  tank,  filled  with  oil,  fits  over 
both  the  micanite  and  the  iron  washers  and  the  nut  on  the  draw- 
bar. 

A  sub-station  is  located  near  each  of  the  steel  towers  just 
described,  and  conductors  from  the  four  cables  used  in  the  cross- 
ing are  carried  to  each  sub-station,  and^  there  connected  through 
switches  to  the  regular  line  wires. 

Where  a  transmission  line  crosses  a  highway  bridge,  it  is  some- 
times possible  to  carry  it  on  poles  set  into  the  framework  between 
the  roadway  and  the  sidewalks.  This  was  done  on  the  Scotia 
Bridge  that  crosses  the  Mohawk  River  at  Schenectady,  N.  Y., 
where  two  three-phase,  30,000-volt  circuits  from  Spier  Falls 
enter  the  city.  In  this  case  each  wooden  pole  carrying  three 
cross-arms,  intended  untimately  for  twelve  wires  in  four  circuits, 
supports  three  1-0  and  three  3-0  bare  solid  copper  wires  between 
25  and  30  feet  above  the  roadway.  The  bridge  is  steel,  of  the  truss 
type,  and  five  or  more  poles  set  between  the  ends  of  the  trusses 
carry  the  high-tension  lines  across. 

At  the  Schenectady  end  of  this  bridge  the  direction  of  the  line 
changes,  and  the  strain  of  the  corner  thus  formed  is  taken  by  a 
wooden  tower.  This  tower  is  formed  by  three  poles  set  in  a  tri- 
angle and  not  more  than  10  feet  apart.  Cross-arms  carrying 
insulators  for  the  line  wires  connect  these  poles  near  their  tops, 
and  diagonal  wooden  braces  are  fixed  between  the  poles  lower 
down.  The  two  three-phase  circuits  just  considered  run  to  the 
General  Electric  Works  in  Schenectady,  and  pass,  on  the  way, 
over  Island  Park,  the  Erie  Canal  and  the  New  York  Central  Rail- 
way tracks.  Large  wooden  towers,  each  made  up  of  four  corner 
poles  secured  to  a  heavy  timber  base,  connected  with  a  number 
of  lateral  braces,  and  meeting  in  pairs  at  the  top,  are  employed 
to  carry  the  two  30,000-volt  circuits  just  named.  Chestnut  and 
Georgia  pine  timbers  treated  with  "carbolinium  avenarius"  are 
used  in  these  towers  and  the  iron  plates  and  bolts  that  secure  the 
parts  of  the  timbers  that  are  underground  are  covered  with  coal 
tar. 

Where  the  line  crosses  the  Erie  Canal  each  of  the  wooden  towers 
is  22  feet  square  at  its  base,  66.5  feet  high  from  its  base  to  the 
top  of  its  upper  cross-arm,  and  the  two  pairs  of  corner  poles  are 
9  feet  apart  at  the  top.  Each  of  the  towers  carries  a  cross-arm 
17  feet  long  at  the  top,  and  another  cross-arm  23  feet  long,  4  feet 
below.  Each  of  the  six  bare  wires  on  these  cross-arms  is  sup- 
ported by  two  insulators  set  close  together. 

Where  a  number  of  transmission  circuits  must  enter  the  wall 
of  a  generating  plant,  switch  house  or  sub-station  through  a  row 
of  openings  at  a  common  level,  it  is  necessary  to  erect  a  special 
structure  a  little  outside  of  the  wall  in  order  to  bring  all  the  wires 
of  the  circuits  to  the  required  level,  so  that  they  may  pass  through 
the  centers  of  the  several  openings. 

A  structure  for  this  purpose  may  be  formed  by  two  heavy  poles 
set  in  the  earth  a  few  feet  from  the  wall  where  entry  is  to  be 
made,  and  with  a  pair  of  long,  heavy  cross-timbers  between  them, 
so  that  these  timbers  are  parallel  to  the  wall.  Each  cross-timber 
should  carry  an  insulator  for  each  wire  that  is  to  enter  the  wall, 
and  should  bring  all  these  wires  to  the  level  of  the  horizontal  row 
of  the  openings  in  it. 

An  example  showing  this  sort  of  construction  may  be  seen 
at  the  Saratoga  switch  house  on  the  30,000-volt  lines  between 
Spier  Falls,  Schenectady  and  Albany.  This  switch  house  is 
designed  to  receive  four  three-phase  circuits,  or  a  total  of  twelve 
wires,  from  Spier  Falls,  at  one  end,  and  to  have  four  similar 
circuits  leave  it  at  the  other  end.  Besides  this,  two  other  circuits 
enter  the  switch  house  at  one  side.  A  wooden  weather  shield 
extends  clear  across  the  top  part  of  each  of  the  end  walls  of  the 
switch  house  on  the  outside,  and  each  of  these  weather  shields 
contains  a  horizontal  row  of  twelve  circular  openings  each  10 
inches  in  diameter  and  with  their  centers  21  inches  apart.  A  few 
feet  outside  of  each  of  the  two  end  walls  two  poles  are  set  with  a 
pair  of  long,  heavy  cross-arms,  at  the  same  level,  between  them. 
Each  pair  of  cross-arms  is  parallel  to  the  weather  shield,  and  a 
row  of  insulators  thereon  holds  the  twelve  line  wires  at  the  level  of 
the  centers  of  the  twelve  10-inch  openings.    A  similar  construction 
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is  employed  to  receive  the  high-tension 
lines  outside  of  their  entry  at  the  Sara- 
toga sub-station  of  the  same  system. 

In  passing  through  Redwood,  Cah, 
the  60,000-volt  lines,  on  their  way 
from  Electra  power  house  to  San 
Francisco,  are  carried  on  insulators 
supported  by  long,  heavy  cross-tim- 
bers between  pairs  of  poles.  Each  of 
these  pairs  of  poles,  where  necessary, 
is  braced  with  wooden  struts  that  ex- 
tend nearly  to  their  tops.  Where  this 
line  crosses  the  river  at  Redwood, 
only  one  tall,  steel  tower  is  used  in- 
stead of  two  towers, — the  more  com- 
mon number  in  such  cases.  It  was 
possible  to  give  the  wires  their  re- 
quired elevation  over  the  river  in  this 
case  by  using  a  single  tower  close  to 
one  of  the  banks,  because  the  stream 
is  a  narrow  one.  After  leaving  the 
steel  tower  the  line  passes  by  long 
spans  to  double  structures  of  the  sort 
just  described. 

Where  a  transmission  line  makes  a 
decided  change  in  direction,  it  is  good 
practice  to  locate  two  or  more  poles 
within  5  to  io  feet  of  each  other  so 
that  each  wire  will  be  supported  by 
several  insulators  in  succession,  and 
will  make  only  a  moderate  change  of 
direction  at  each  of  them.  Where  the 
turn  made  by  the  line  is  a  right  angle, 
or  more,  it  is  well  to  connect  the  sev- 
eral poles  at  the  turn  with  timbers  or 
cross-arms,  as  this  gives  a  stiff  struc- 
ture to  sustain  the  corner  pull,  and 
allows  any  desired  number  of  insula- 
tors to  be  provided  for  the  support  of 
each  wire. 

On  the  25,000-volt  line  between 
Apple  River  Falls  and  St.  Paul,  each 
right-angle  turn  is  made  on  a  struc- 
ture composed  of  five  poles,  three 
heavy  timbers  and  seven  cross-arms. 
On  the  inner  side  of  each  right-angle 
turn  two  poles  are  set  and  united  at 
the  top  by  one  of  the  timbers.  On  the 
outer  side  of  the  turn  three  poles  are 
set  in  a  line  nearly  parallel  with  that  of 
the  two  inner  poles,  and  these  three 
outer  poles  have  their  tops  united  by 
long  timbers.  The  seven  cross-arms 
are  laid  between  the  cross-timbers  of 
the  outer  and  inner  row  of  poles.  The 
first  and  the  seventh  cross-arm  are  at 
right  angles  to  each  other  in  direc- 
tion, all  the  cross-arms  being  radii 
from  a  common  center.  Each  wire  of 
the  transmission  line  is  secured  to  an 
insulator  on  each  cross-arm,  and  thus 
has  seven  points  of  support  in  making 
the  right-angle  turn. 

A  rather  novel  structure  is  in  use 
on  the  33,000-volt  line  between  Santa 
Ana  River  and  Los  Angeles,  for 
switching  purposes.  On  cross-arms 
near  the  top  of  one  or  more  poles  a 
special  type  of  open-air  switch,  or  con- 
nection, is  attached  to  the  lines,  and 
some  feet  below  on  the  same  pole  or 
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poles  a  platform  is  built  so  that  an  at- 
tendant with  a  good,  long  stick  can 
mount  thereon  and  make  or  break 
connections  between  the  high-voltage 
circuits  above. 


Action  of  R_a.dium  on  Aluminium 

IN  a  recent  communication  to  the 
Russian  Physiochemical  Soci- 
ety, N.  Orloff  stated  that  in  April, 
1903,  he  covered  an  ebonite  capsule 
containing  0.03  grm.  of  radium  bro- 
mide with  an  aluminium  plate  0.0 1 
mm.  in  thickness  instead  of  the  mica 
generally  used.     In  the  course  of  July 


me  author,  having  opened  the  cap- 
sule, noted  on  the  surface  of  the  alu- 
minium turned  towards  the  radium 
some  p'otuberances  of  the  same 
aspect  as  the  surrounding  surface  of 
the  aluminium  and  resembling  small 
drops  of  melted  metal.  These  protu- 
berances proved  to  be  radioactive, 
producing  a  photographic  image  on 
acting  for  some  minutes  through 
black  paper,  and  even  after  six  months 
they  were  found  to  emit  invisible  radi- 
ations without  any  appreciable  weak- 
ening. The  author  thinks  that  a 
stable  alloy  is  formed  by  the  accumu- 
lation of  material  particles  given  off 
from  the  atomic  systems  of  radium 
around  small  aluminium  nuclei. 


Electric  Light  and  Power  in  Korea 


SHOULD  Japan  defeat  Russia  in 
the  struggle  now  going  on,  and 
hold  Korea,  it  is  thought  that  the 
peninsula  empire  would  become  one  of 
the  most  fertile  fields  in  the  Far  East 
for  electrical  development.  Certain  it 
is  that  though  called  "the  land  of  the 
morning  calm,"  Korea  is  not  nearly  so 
lethargic  as  this  term  would  imply. 
For  a  number  of  years  it  profited  by 
the  progressive  spirit  of  its  Japanese 


chief  engineer  of  the  Seoul  Electric 
Company,  it  was  in  the  autumn  of  1898 
that  the  first  sod  was  turned  for  the 
building  of  the  first  street  railway  of 
Korea,  and  in  the  early  part  of  May  of 
the  following  year  an  official  opening 
took  place,  a  car  was  run  over  the  road 
and  the  success  of  the  enterprise,  so 
far  as  the  construction  and  operation 
were  concerned,  seemed  assured.  The 
cars  were  run  by  Japanese  motormen 


THE    TROLLEY   LINE   ENTERING    THE   EAST    GATE   OF    SEOUL 


neighbors,  so  much  so  that  the  first 
electric  light  and  power  plant  to  be 
successfully  operated  in  the  Orient 
was  started  up  a  few  years  ago  in 
Seoul,  the  capital  city.  It  furnishes 
arc  and  incandescent  lights  for  the 
town  and  operates  about  12  miles  of 
overhead  trolley  railway. 

According  to  R.  A.  McLellan,  the 


and  native  conductors,  and  for  a  week 
all  went  well.  The  cars  were  crowded 
from  morning  until  night,  and  for  the 
first  time  perhaps  in  the  history  of 
Korea  the  inhabitants  of  Seoul  had 
some  means  of  enjoying  themselves. 

At  the  end  of  the  week,  a  child, 
standing  one  afternoon  near  the  track, 
was  beckoned  to  by  its  father.     Not 
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thinking  of  danger,  it  ran  in  front  of 
a  rapidly  moving  car  and  was  crushed 
to  death.  Instantly  the  superstition  of 
the  people  was  aroused ;  the  foreign 
"devils"  had  introduced  something 
among  them  from  which  nothing  but 
ruin  would  follow  ;  the  traditions  of 
their  country  were  disrespected,  and 
the  calmness  that  had  been  with  them 
for  centuries  was  now  visibly  dis- 
turbed by  this  innovation.  Within  a 
few  minutes  after  the  fatal  accident, 
therefore,  the  cars  were  attacked,  and 
in  a  short  time  two  were  completely 
destroyed  by  fire.  A  rush  was  then 
made  toward  the  power  house,  with 
the  view  of  demolishing  that  structure, 
for  it  was  conceded  by  all  that  it  was 
built  on  the  rain  dragon's  back,  which 
accounted  for  the  severe  drought  thai 
prevailed  that  season.  Fortunately, 
however,  they  were  prevented  from 
carrying  out  their  plans  in  that  direc- 
tion by  the  presence  of  two  of  the 
foreign  railway  officials,  and  a  hand- 
ful of  imperial  guards. 

Immediately  after  this  episode  the 
running  of  the  road  was  discontinued, 
the  management  concluding  that,  for  a 
short  time  at  least,  foreigners  would 
have  to  take  entire  charge  of  the  plant, 
in  order  to  insure  the  success  of  the  en- 
terprise. Late  in  the  summer  of  1899, 
therefore,  the  road  v/as  again  put  in 
service  with  American  operatives,  and 
has  since  continued  at  work  uninter- 
ruptedly up  to  the  present  time.  Acci- 
dents have  occurred,  occasionally  fol- 
lowed by  slight  demonstrations  of  the 
people,  but  the  antipathy  is  slowly 
giving  way  and  the  railway  is  begin- 
ning to  be  looked  upon  as  a  necessity. 

The  road,  when  first  constructed, 
was  about  6  miles  long,  and  one  of  the 
principal  reasons  for  its  existence  was 
that  it  was  to  carry  His  Majesty,  the 
king,  out  to  the  tomb  of  the  Queen, 
who  was  assassinated  during  the  Chi- 
nese-Japanese   war.       This    tomb    is 


about  3  miles  outside  of  the  east  gate 
of  the  city.  But  although  a  sumptu- 
ously appointed  car  was  built  expressly 
tor  this  purpose,  His  Majesty  has 
never  ridden  in  it.  The  traditions  of 
the  country  must  be  respected,  and  a 
plebeian  conveyance  like  a  modern 
street  car  was  not  to  be  thought  of  as 
a  royal  carriage.  The  machinery  first 
installed  consisted  of  a 
Babcock  &  Wilcox  boiler 
of  125  H.  P.;  a  Mcintosh 
&  Seymour  tandem  com- 
pound non-condensing  en- 
gine of  115  H.  P.;  and  a 
Westinghouse  four-pole, 
75-kilowatt  direct-current 
generator.  This  machin- 
ery has  been  running 
nearly  five  years,  averag- 
ing fifteen  hours  daily, 
and  has  given  no  trouble, 
notwithstanding  that,  of 
necessity,  it  was  left  in 
care  of  the  Koreans  sev- 
eral hours  each  day.  The 
road  is  now  about  9  miles 


long,  with  3'  6"  gauge,  single  track 
and  turn-outs  at  intervals  of  3000 
feet,  the  cars  being  run  at  intervals  of 
twelve  minutes. 

The  cars  are  built  at  Seoul  from 
plans  of  American  cars,  with  slight 
modifications  to  suit  the  conditions 
prevailing  at  Korea.  A  closed  section 
in  the  center  accommodates  the  first- 
class  passengers,  while  each  end  is 
open  and  has  seats  running  length- 
wise. Twelve  of  these  cars  run  from 
7.30  A.  M.  until  11.20  P.  M.,  and  are 
well  patronized  by  the  people,  espe- 
cially in  the  hot  summer  evenings,  at 
which  time  the  service  is  barely  suf- 
ficient to  meet  the  demands.  The  gen- 
erator for  a  large  portion  of  the  time 
is  taxed  25  per  cent  beyond  its  rated 
capacity. 

In  addition  to  the  passenger  cars 
there  are  eight  or  ten  freight  cars, 
three  of  which  are  constantly  in  use, 
hauling  coal  to  the  power  house,  taking 
away  ashes,  as  well  as  doing  a  con- 
siderable amount  of  outside  work  for 
the  government  and  private  concerns. 

Apparently  not  satisfied  with  this 
evidence  of  material  progress,  the  king 
concluded  that  he  must  have  some- 
thing better  than  coal  oil  to  light  his 
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buildings  and  palaces,  for  not  a  great 
time  elapsed  before  Messrs.  Collbran  & 
Bostwick,  the  builders  of  the  trolley 
road,  were  given  a  contract  for  the 
erection  of  a  light  and  power  plant 
combined,  the  first  of  its  kind  in  the 
Far  East. 

Ground  was  broken  for  the  new 
power-house  in  October,  1900,  and  in 
August,  1 901,  one  of  the  officials  of  the 


witb  13"  by  22"  by  16"  cylinders,  and 
run  at  240  revolutions  per  minute. 
They  are  connected  by  a  6-inch  shaft 
23  feet  long,  through  the  medium  of  a 
friction  clutch  on  each  end ;  upon  this 
shaft  are  mounted  four  driving  wheels, 
two  of  8-ft.  diameter  and  two  of  4, 
the  former  driving  the  generators  and 
the  latter  the  exciters.  All  of  these 
pulleys  are  loose  on  the  shaft,  motion 


A  PASSENGER  CAR  ON  A  KOREAN  TROLLEY  ROAD.      THE  CLOSED  MIDDLE  SECTION  IS  FOR 
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palace  opened  the  throttle  of  the  en- 
gine, setting  the  new  machinery  in 
motion  and  giving  light  to  2000  incan- 
descent lamps,  ranging  in  candle- 
power  from  16  to  150.  Twenty  arc 
lights  also  flashed  upon  the  grounds 
and  neighborhood.  It  was  a  gala  night 
for  the  people,  and,  crowded  in  the 
power-house  and  about  the  adjoining 
grounds,  10,000  Koreans  watched 
with  amazement  the  wonderful  trans- 
formation scene,  for  the  foreigners 
had  changed  night  into  day,  and  what 
they  might  do  next  was  a  matter  of 
interesting  speculation  for  the  natives. 

The  plant  comprises  an  engine  room 
60  feet  square,  and  a  boiler  room 
measuring  40  x  30  feet,  both  built  sub- 
stantially of  brick.  There  are  two 
Babcock  &  Wilcox  boilers  of  125  H.  P. 
each,  while  three  pumps  supply  the 
water,  one  being  specially  piped  for 
fire  purposes.  As  the  city  of  Seoul  has 
not,  as  yet,  any  water  works  system, 
water  is  procured  for  the  boilers  and 
other  purposes  from  two  wells  12 
inches  in  diameter  and  20  feet  deep, 
either  one  being  adequate  to  supply 
the  requisite  amount  of  water. 

There  are  two  engines  of  200  H.  P. 
each,  made  by  the  Ball  Engine  Com- 
pany, of  Erie,  Pa.  They  are  tandem- 
compound,     non-condensing    engines, 


being  transmitted  to  them  by  friction 
clutches.  This  method  makes  the  en- 
tire system  as  nearly  interchangeable 
as  possible. 

Changes  have  frequently  been 
made  from  one  generator  to  the  other 
in  i-l  minutes.  The  exciters  also  are 
wired  in  such  a  manner  that  they  can 
be  run  in  parallel,  or  either  generator 
can  be  excited  by  either  exciter. 

The  electric  machinery  consists  of 
two  120-K.  W.  generators,  or,  more 
properly,  rotary  converters,  driven  by 
belt,  supplying  both  direct  and  alter- 
nating current.  The  direct  current,  for 
running  the  street  cars,  has  a  pressure 
of  550  volts,  while  the  alternating  cur- 
rent voltage  is  385.  This  latter  current 
goes  to  two  62-J-K.  W.  oil-insulated 
transformers,  and  being  a  two-phase 
current,  the  three-wire  system  is 
adopted  to  carry  it  to  the  different 
transformers  in  the  city,  it  having 
been  raised  to  2000  volts.  It  is  then 
lowered  to  the  required  100  volts. 

A  sub-station,  about  3  miles  from 
the  power  house,  contains  a  75-K.  W. 
two-phase  rotary  converter — which  is 
used  on  a  branch  line  running  down 
to  the  Han  river — a  distance  of  about 
5  miles  from  the  main  line,  to  prevent 
the  excessive  drop  in  voltage  that 
would  otherwise  occur. 


Power  Measurement  with  the  Elec- 
tric Factory  Drive 

AN  important  advantage  of  the 
electric  drive  for  factory  ser- 
vice, according  to  E.  W. 
Thomas,  in  a  recent  paper  before  the 
New  England  Cotton  Manufacturers' 
Association,  is  found  in  the  fact  that 
the  actual  power  required  by  the  ma- 
chinery on  any  motor  may  be  known 
at  any  time,  as  an  automatic  recording 
instrument  may  be  applied  to  the  wir- 
ing at  the  motor  itself  or  at  the  switch- 
board in  which  a  continuous  record  in 
ink  or  pencil  is  transcribed,  either  upon 
a  circular  dial  or  upon  continuous 
strips  of  paper. 

By  these  records  the  variation  in  the 
power  may  be  seen  at  a  glance,  and  the 
study  of  these  variations  and  their  con- 
nection with  the  different  degrees  of 
temperature,  the  amount  of  humidity, 
is  most  interesting.  Oils  may  be  tested 
on  shafting  and  machinery,  and  the 
results  of  the  different  makes  com- 
pared. The  tell-tale  dial,  or  strip, 
shows  to  the  manager  another  very 
important  feature,  and  that  is  whether 
or  not  from  start  to  finish  of  the  work- 
ing forenoon,  or  afternoon,  the  ma- 
chinery on  the  motor  was  all  in  opera- 
tion the  whole  of  the  time. 

Records  have  been  obtained  where  it 
was  shown  that  when  the  starting  time 
of  a  cotton  mill  was  6.30  in  the  morn- 
ing, the  full  amount  of  machinery  was 
not  running  until  7  o'clock,  and  the 
same  record  shows  a  dropping  off  in 
power  from  11.30  to  12,  showing  that 
the  employees  were  neglecting  the 
work,  preparing  to  leave  for  the  noon 
hour. 

The  engineer  or  electrician  may 
have  on  his  switchboard  in  the  power 
house  wattmeters  for  each  motor,  and 
can  at  any  moment  see  at  a  glance 
whether  any  motor  is  running  in  ex- 
cess of  the  normal  power  required. 
This  is  much  more  satisfactory  than 
the  present  guess  work  of  trying  to 
obtain  the  power  required  for  any  one 
room  or  department,  or  class  of  ma- 
chines from  indicator  cards  from  the 
engine.  In  such  a  case  one  is  com- 
pelled to  run  all  the  shafting  in  the 
mill  unless  cut-off  couplings  are  pro- 
vided. It  is  also  evident  that  in  case 
of  any  accident  but  a  minimum  portion 
of  the  machinery  is  stopped. 


The  practice  among  motormen  of 
making  ordinary  stops  by  reversing 
as  for  an  emergency  stop,  is  said  to 
have  become  so  common  on  some 
trolley  lines  that  one  street  railway 
company  in  New  York  State  has  is- 
sued a  formal  notice  to  its  employees 
as  to  when  emergency  stops  shall  be 
made. 


Some   Electric  Furnace   Processes 


By     J.     WRIGHT 


IT  would  be  impossible,  within  the 
scope  of  a  magazine  article,  to 
deal  thoroughly  with  the  many 
and  various  industrial  processes  which 
have  been  made  possible  by  the  in- 
tense heat  available  in  the  electric  fur- 
nace. The  writer,  therefore,  proposes 
to  select  the  more  important  of  these 
industries  and  deal  briefly  with  each 
in  turn,  in  an  endeavor  to  interest  the 
reader  in  the  advances  which  have 
been  made  in  practical  electrochemis- 
try and  electrometallurgy  by  the  in- 
troduction of  the  commercial  electric 
furnace,  first  suggested,  constructed 
and  exhibited  by  Sir  William  Siemens 
before  what  was  the  Society  of(  Tele- 
graph Engineers,  in  June,  1880. 

Some  of  the  leading  types  of  elec- 
tric furnace  construction  were  de- 
scribed and  illustrated  in  last  month's 
issue  of  The  Electrical  Age,  and 
the  writer  will,  therefore,  confine  him- 
self, in  the  paragraphs  which  follow, 
to  a  description  of  the  various  com- 
mercial processes  carried  out  by  their 
aid. 

First,  and  foremost,  comes  the 
manufacture  of  calcium  carbide,  that 
chemical  combination  of  calcium  and 
carbon  which,  when  brought  into  con- 
tact with  water,  gives  off  acetylene 
gas.  The  rapid  growth  and  increas- 
ing popularity  of  acetylene  gas  light- 
ing has,  of  course,  been  responsible 
for  the  enormous  increase  in  the  num- 
ber of  carbide  factories, — an  increase 
which,  a  year  or  two  back,  resulted  in 
a  supply  of  carbide  being  placed  upon 
the  market  which  was  far  in  excess  of 
the  demand,  the  very  natural  conse- 
quence being  that  many  of  the  manu- 
facturers had  perforce  to  shut  down 
their  plant,  or,  as  an  alternative,  adapt 
their  existing  carbide  furnaces  to  the 
manufacture  of  other  and  more  mar- 
ketable commodities. 

Calcium  carbide  was  first  manufac- 
tured economically,  on  a  commercial 
scale,  by  a  Canadian,  T.  L.  Willson,  in 
1888.  Although  in  reality  a  very  sim- 
ple synthetic  process,  there  are  many 
points  connected  with  the  manufac- 
ture of  calcium  carbide  on  a  commer- 
cial scale  which  require  more  than 
passing  attention,  if  an  economical 
process  and  efficient  yield  be  desired. 
The  carbide  is  produced  by  heating 
together  in  the  electric  furnace  a  mix- 
ture of  65  per  cent,  lime  (CaO)  with 
35  per  cent,  carbon,  or  coke  (C). 
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A  very  high  temperature, — 5972  de- 
grees F., — is  necessary  to  bring  about 
the  combination,  in  process  of  which 
the  oxgyen  of  the  lime  is  liberated  and 
unites  with  a  certain  percentage  of  the 
carbon  present  to  form  carbon  mon- 
oxide (CO)  and  dioxide  (C02)  gases. 
The  heat  of  chemical  combination  be- 
tween the  carbon  and  the  calcium  is, 
of  course,  present,  but  is  insufficient 
in  itself  to  render  the  mass  self-heat- 
ing. The  lime  fuses  at  the  tempera- 
ture of  the  electric  arc  and  the  carbon 
dissolves  in  it,  forming  calcium  car- 
bide; and  it  is  instructive  to  note  that 
the  fusing  point  of  the  latter  combina- 
tion is  actually  below  the  temperature 
necessary  to  bring  it  about,  so  that  the 
carbide,  for  some  considerable  time 
after  its  formation  in  the  furnace,  re- 
mains in  a  liquid,  or  semi-liquid,  con- 
dition. 

According  to  Mr.  Horace  Allen,  the 
author  of  a  statistical  article  on  cal- 
cium carbide  manufacture,  which  ap- 
peared in  the  "Electrical  Review,"  of 
London,  for  January  5,  1900,  the  total 
heat  required  for  the  production  of 
one  pound  of  calcium  carbide  is  6249 
British  thermal  units,  which,  ex- 
pressed as  electrical  energy,  are  equiv- 
alent to  2.464  E.  H.  P.-hours,  or  1.838 
K.  W.  These  figures  are,  in  the 
main,  theoretical,  being  based  upon 
calculations  made  on  known  chemical 
and  thermal  data.  The  electromotive 
force  required  at  the  furnace  terminals 
varies  from  50  to  60  volts. 

The  condition  in  which  the  raw  ma- 
terial should  be  fed  into  the  furnace 
has  been  a  matter  for  considerable 
controversy.  Experience  has  demon- 
strated that  a  carbide  furnace  works 
at  its  best  when  fed  with  a  raw  mix- 
ture of  coke  and  lime  which  has  been 
reduced  to  granular  form,  rather  than 
powdered.  Extreme  comminution  of 
the  charge  is  inadvisable  in  that,  set- 
ting aside  the  principal  question  of  the 
expense  involved  in  thus  reducing  the 
ingredients  to  a  powder,  there  remains 
the  additional  disadvantage  that,  when 
thus  finely  divided,  the  particles  ag- 
glomerate around  the  electrodes, 
forming  a  coating  which  hinders  the 
free  escape  of  tne  gases  formed  in  the 
reaction.  In  order  to  eliminate  these 
various  drawbacks,  the  adoption  of  a 
mixed  charge,  in  which  the  particles 
have  been  reduced  to  the  size  of  hazel 
nuts,    is    advocated.     Statistics    have 


been  published  from  time  to  time  by 
various  authorities  which  go  to  prove 
that,  whereas  with  a  finely  powdered 
charge  three  tons  of  the  raw  material 
are  required  for  the  production  of  one 
ton  of  carbide,  only  1.7  tons  are  re- 
quired in  the  production  of  a  similar 
quantity  when  the  charge  is  of  a 
coarse  or  granular  nature.  The  theo- 
retical quantity  of  raw  material  re- 
quired for  the  manufacture  of  one  ton 
of  carbide  is  1.44  tons. 

Estimates  of  the  total  cost  of  pro- 
duction of  a  given  quantity  of  calcium 
carbide  vary  tremendously,  as  is  only 
natural,  being  governed  to  a  consider- 
able extent  by  local  conditions,  the 
cost  of  power,  material  and  labor.  It 
is  impossible  in  the  limited  space 
available  to  give  even  a  summary  of 
these  various  estimates;  but  the  fol- 
lowing statistics,  contributed  by  Mr. 
Carl  Hering  to  "L'Eclairage  Elec- 
trique"  in  1899,  may  be  taken  as  typi- 
cal:— 

According  to  Mr.  Hering,  who 
bases  his  figures  on  the  results  ob- 
tained at  Meran,  in  the  Austrian  Ty- 
rol, it  requires,  theoretically,  1900  lbs. 
of  lime  and  1230  lbs.  of  carbon  to  pro- 
duce one  ton  of  carbide;  in  actual 
practice,  2050  lbs.  of  lime  and  1420 
lbs.  of  carbon  are  necessary.  The  cost 
of  lime  per  ton  was  then  about  $4,  and 
of  carbon  $8.  One  electrode  suffices 
for  10  tons  of  carbide,  and  costs  $33, 
or,  approximately  $3.30  per  ton.  The 
electrical  energy  required  per  ton  of 
carbide  produced  was  6400  E.  H.  P.- 
hours,  which,  at  $10  per  E.  H.  P.-year, 
works  out  at  a  little  above  $9  per  ton. 
Accessory  machinery,  losses,  etc.,  ac- 
count for  about  200  H.  P.,  or  $1  per 
ton,  the  output  being  6.5  tons  per  day. 
Labor,  at  75  to  80  cents  per  day, 
amounts  to  $3.75  per  ton;  amortiza- 
tion and  general  expenses  $10  per  ton; 
maintenance  of  plant,  $1.50  per  ton. 
Summing  up  these  various  items,  we 
arrive  at  a  total  cost  of  $36.25  per  ton 
of  carbide  produced. 

The  manufacture  of  aluminium  is 
probably  the  next  most  important  in- 
dustry involving  the  employment  of 
electric  heat.  The  apparatus  em- 
ployed, however,  does  not  constitute 
a  furnace  pure  and  simple  in  the  ordi- 
nary acceptation  of  the  term,  in  that 
electrolytic  action  enters  into  the 
process.  But  considerable  heat  is  also 
required  to  bring  about  the  reduction; 
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hence  the  particulars  which  are  here 
given.  There  are  two  well-known 
processes  for  the  manufacture  of  alu- 
minium from  alumina,  which,  in  the 
main,  bear  a  striking  resemblance  to 
each  other.  In  Hall's  process,  the 
alumina,  prepared  from  bauxite,  is 
continuously  dissolved  in  a  bath  of 
potassium  fluoride.  In  Heroult's  pro- 
cess, the  alumina  is  dissolved  in  cryo- 
lite, a  double  fluoride  of  aluminium 
and  sodium.  The  type  of  furnace  em- 
ployed, together  with  the  mode  of 
procedure,  has  already  been  described 
in  a  previous  article  by  the  writer,  re- 
ferred to  earlier.  But  the  following 
additional  facts  concerning  it  may 
prove  of  interest. 

The  current  density  employed  in 
the  furnace  is  about  700  amperes  per 
square  foot  of  cathode  surface, 
amounting  to  about  8000  amperes  per 
furnace.  According  to  Mr.  J.  W. 
Swan,  the  power  required  in  practice 
is  14  E.  H.  P. -hours  per  pound  of 
aluminium.  Theoretically  the  yield 
should  be  a  third  of  a  pound  more; 
there  is,  therefore,  considerable  loss, 
and  room  for  further  improvement  in 
the  efficiency  of  this  process. 

As  already  intimated,  a  necessary 
preliminary  to  the  manufacture  of  alu- 
minium is  the  preparation  of  alumina 
from  the  crude  bauxite.  A  compara- 
tively recent  patent  (August  14,  1903) 


taken  out  by  Mr.  C.  M.  Hah,  of  Niag- 
ara Falls,  relates  to  a  process  for 
effecting  this  with  the  aid  of  the  elec- 
tric furnace.  The  bauxite  is  mixed 
with  a  small  percentage  of  carbon  and 
is  calcined,  after  which  sufficient  car- 
bon is  added  to  bring  the  total  propor- 
tion up  to  from  8  per  cent,  to  10  per 
cent.  A  small  quantity  of  ferric  ox- 
ide, to  enrich  the  ore,  and,  in  some 
cases,  a  flux,  such  as  lime,  soda  or 
cryolite,  is  added,  and  the  whole  is  in- 
timately mixed  with  a  certain  quan- 
tity of  powdered  aluminium.  The 
mixture  is  then  subjected  to  pro- 
longed fusion  in  the  electric  furnace, 
under  which  treatment  a  certain  pro- 
portion of  the  added  aluminium  en- 
ters into  combination  with  the  iron, 
silica,  and  other  foreign  metals  pres- 
ent to  form  an  alloy  which  sinks  to 
the  bottom  and  is  tapped  off,  leaving 
pure  alumina.  The  latter  is  allowed 
to  cool,  after  which  it  is  pulverized 
and  then  subjected  to  magnetic  sepa- 
ration, being  then  ready  for  conver- 
sion into  metallic  aluminium  in  the 
usual  manner. 

The  manufacture  of  carborundum, 
the  carbide  of  silicon  (SiC),  is  prob- 
ably the  simplest  electric  furnace  pro- 
cess. It  consists  in  a  direct  combina- 
tion of  the  two  elements,  carbon  and 
silicon,  under  the  influence  of  electric 
heat,  and  is  carried  out  in  a  temporary 


furnace  structure  worked  on  the  re- 
sistance principle.  The  furnace  itself 
is  loosely  built  of  fire-brick  and  is  dis- 
mantled at  the  end  of  each  run.  No 
cement  of  any  kind  is  used  in  its  con- 
struction, all  interstices  being  left 
open,  in  order  to  provide  for  the  free 
escape  of  the  gases  formed  in  the 
process  of  combination.  The  furnaces 
in  use  at  Niagara  Falls  by  the  Carbo- 
rundum Company,  who  are  the  sole 
manufacturers,  are  16  feet  long,  6^ 
feet  wide,  and  5  feet  deep.  In  these 
the  raw  material  is  packed  to  a  height 
extending  about  4  feet  above  the  top 
of  the  furnace. 

Each  furnace  consumes  1000  E.  H. 
P.  The  process  of  conversion  occu- 
pies thirty-six  hours,  and  the  electro- 
motive force  at  the  furnace  terminals 
is  approximately  50  volts.  Current  is 
led  into  the  furnaces  through  the 
medium  of  heavy  bronze  terminal 
castings,  to  which  the  cables  are  con- 
nected; these  castings  support,  inside 
the  furnace  chamber,  two  bundles  of 
carbon  rods,  to  the  number  of  sixty 
in  each  bunch.  The  rods  are  each  3 
inches  in  diameter  and  2  feet  long, 
and,  collectively,  form  an  electrical 
connection  between  the  metal  termin- 
als and  the  furnace  charge  which  is 
packed  around  them. 

The  raw  charge  consists  of  34.2  per 
cent,  coke,  54.2  per  cent,  sand,  9.9  per 
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cent,  saw-dust,  and  1.7  per  cent,  com- 
mon salt,  its  total  weight  being  ap- 
proximately ten  tons.  Only  about 
two  tons  of  carbide  are  produced  at 
each  run,  as  against  a  theoretical  yield 
of  over  four  tons,  from  which  it  will 
be  seen  that  the  efficiency  of  the  pro- 
cess is  very  low. 

During  the  process  carbon  monox- 
ide gas  is  given  off,  and  burns  with  a 
blue  flame  at  the  various  openings. 
At  the  conclusion  of  each  run  the  fur- 
nace, as  already  stated,  is  pulled  to 
pieces,  the  charge  having  first  been 
allowed  to  cool.  The  contents  are 
then  found  to  consist  roughly  of  three 
layers,  the  outer  one  being  a  mixture 
^f' volatilized  salt,  silica,  and  carbon; 


pany,  of  Niagara  Falls,  who  work  the 
patents,  bears  a  striking  resemblance 
to  that  of  the  carborundum  furnace 
described  above. 

The  process  of  graphitizing  consists 
in  causing' the  pure  carbon,  under  the 
influence  of  heat,  to  combine  with  cer- 
tain impurities  which  are  present  in 
the  mass  prior  to  the  process.  The 
temperature  necessary  for  the  reaction 
is  higher  than  that  required  for  the 
decomposition  of  the  carbides  formed. 
The  furnace  charge  may  consist  of 
either  cylindrical  rods  or  rectangular 
plates.  In  the  former  case,  the  rods 
are  packed  transversely  to  tne  direc- 
tion of  current  flow,  the  necessary 
high  resistance  path  from  one  to  the 


rectangular,  they  are  arranged  in  a 
series  of  regular  piles  along  the  path 
of  the  current,  each  pile  being  sepa- 
rated from  its  neighbor  by  a  filling  of 
pulverized  coke.  The  latter  is  also 
employed  as  a  filling  around  the  cylin- 
drical rods  in  the  former  case,  and 
between  the  ends  of  the  charge  and 
the  electrodes.  The  base  of  the  fur- 
nace is  lined  with  a  refractory  layer  of 
carborundum,  or  similar  conuvicting 
material,  and  the  whole  i»  covered  in 
at  the  top  with  a  layer  of  ground  coke 
and  sand. 

Carbon,  in  the  form  of  coke,  is 
largely  used  as  a  reducing  agent  in 
metallurgical  operations,  a  necessary 
feature  of  which  is  that  the  carbon,  or 
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the  middle  one,  a  mixture  of  amor- 
phous silicon  carbide  and  uncombined 
raw  material,  which  is  worked  up  into 
the  next  charge;  while  the  center,  or 
layer  immediately  surrounding  the 
core,  is  carborundum,  about  16  inches 
thick.  The  core  itself,  constituting  a 
bridge  between  the  twe  electrodes,  is 
graphite,  produced  from  the  original 
coke  under  the  intense  heat. 

Mr.  E.  G.  Acheson,  the  inventor  of 
the  carborundum  process,  has  utilized 
this  latter  feature  in  a  later  patent  for 
graphitizing  electrodes  in  the  furnace. 
The  form  given  to  the  latter  by  the 
International  Acheson  Graphite  Corn- 


other  being  established  along  the  line 
of  contact  between  the  cylindrical  sur- 
faces. It  is  chiefly  along  these  lines 
that  the  heat  is  generated,  and  this 
mode  of  packing  the  articles  to  be 
graphitized  results  in  the  production 
of  exterior  heat  rather  than  in  the 
mass  itself,  as  would  be  the  case  were 
the  articles  arranged  with  their  axes 
parallel  to  the  line  of  direction  of  the 
current.  This  constitutes  the  princi- 
pal feature  of  the  invention,  and 
effects  a  considerable  economy  in  the 
current  required  for  the  operation  of 
the  furnace. 

If  the  objects  to  be  graphitized  are 


coke,  so  used  shall  be  free  from  im- 
purities, such  as  silica  and  the  com- 
pounds of  silicon,  which  would,  if 
present,  combine  with  the  metal  under 
treatment,  and  result  in  the  reintro- 
duction  of  like  impurities  into  the 
finished  article.  This  fact  led  Mr.  C. 
M.  Hall,  the  patentee  of  the  alumin- 
ium process  which  bears  his  name,  to 
devise  a  form  of  resistance  furnace  for 
ridding  the  coke  of  these  undesirable 
impurities  before  it  is  employed  in 
connection  with  the  extraction  of 
metals. 

The  process,  as  patented  by  him, 
consists  in  powdering  the  coke,  and 
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mixing  it  intimately,  while  thus  pow- 
dered, with  a  metallic  fluoride,  such  as 
sodium  fluoride,  cryolite,  or  fluor 
spar.  This  mixture,  when  subjected 
to  heat  in  a  suitable  furnace,  becomes 
pure  carbon,  owing  to  the  reaction 
set  up  between  the  fluoride  and  the 
compounds  of  silicon,  which  combine 
to  form  silica  fluoride,  the  latter  being 
driven  off  in  the  form  of  gas. 

By  adding  a  suitable  proportion  of 
pitch  to  the  mixture,  as  a  binding  ma- 
terial, it  can  be  moulded  into  elec- 
trodes of  any  desired  form,  and  the 
purification  and  baking  processes  thus 
carried  out  in  one  operation  of  the 
furnace.  The  latter  is  built  of  brick 
and  filled  with  the  moulded  carbon 
blocks,  packed  symmetrically,  and  in- 
sulated from  one  another  by  suitable 
packing.  Through  the  center  of  the 
mass,  and  in  close  proximity  to  the 
blocks,  passes  a  resistance  core  with 
end  electrodes.  An  alternating  cur- 
rent is  supplied  to  this  core  by  way  of 
the  latter,  and  the  heat  is  adjusted  to 
any  desired  temperature  by  varying 
the  current.  The  actual  temperature 
is  necessarily  slightly  higher  than  that 
required  for  baking  alone,  in  order  to 
produce  the  requisite  thermochemical 
action  for  the  purification  of  the  car- 
bon. 

Carbon  bisulphide  is  another  prod- 
uct of  the  electric  resistance  furnace, 
its  manufacture  being  carried  out  on 


an  extensive  scale  at  Penn  Yan,  N.  Y. 
The  furnace  used  is  illustrated  in  Fig. 
I.  It  is  the  invention  of  Mr.  E.  R. 
Taylor,  and  is  the  outcome  of  consid- 
erable forethought  and  experiment. 
In  the  original  furnaces  independent 
carbon  electrodes  were  utilized  as  ter- 
minals, being  protected  from  a  too 
rapid  combustion  by  broken  carbon 
which  was  fed  into  the  furnace 
through  orifices  immediately  sur- 
rounding the  electrodes.  In  the  latest 
type  of  bisulphide  furnace  the  carbon- 
block  terminals  have  been  entirely 
dispensed  with,  electrical  connection 
being  made  directly  with  the  metallic 
feed  hoppers  through  which  the 
broken  carbon  is  introduced  into  the 
furnace. 

In  brief,  the  action  is  as  follows : — 
The  upper  cylindrical  portion  is  filled 
with  closely  packed  carbon  C, 
through  which  the  sulphur  vapors 
produced  by  the  action  of  electric  heat 
upon  the  fused  mixtures  of  carbon  and 
sulphur  at  the  hearth  or  crucible  por- 
tion of  the  furnace  CS2,  rise,  and,  in 
passing,  become  converted  into  car- 
bon bisulphide,  which  is  suitably  col- 
lected and  condensed.  Terminal  con- 
nection with  the  furnace  is  secured 
through  the  metallic  hoppers  MM, 
which  are  four  in  number,  situated  at 
equal  distances  around  the  circumfer- 
ence of  the  hearth,  and  through  which 
a  constant  supply  of  broken  carbon  is 


fed.  The  raw  sulphur  is  made  to  per- 
form a  primary  duty  before  finally  en- 
tering into  chemical  combination  with 
the  carbon  in  the  furnace  to  form  car- 
bon bisulphide.  It  is  fed  in,  cold, 
through  hoppers  HH,  which  convey 
it  into  annular  chambers  entirely  sur- 
rounding the  furnace  body  and 
hearth;  in  these,  the  sulphur,  while 
still  in  a  cold  state,  acts  as  a  heat-con- 
serving jacket,  and  becomes  molten 
only  when  it  approaches  the  bottom 
of  the  annular  chambers  which  com- 
municate with  the  furnace  hearth,  and 
through  which  the  sulphur  feed  is 
effected.  It  thus  reaches  the  center  of 
activity  in  a  heated  condition,  and  no 
undue  lowering  of  the  general  tem- 
perature results.  By  varying  the  elec- 
trical connections  to  the  four  terminal 
hoppers,  a  very  thorough  and  com- 
plete fusion  of  the  carbon  and  sulphur 
is  effected  in  the  region  of  the  hearth. 
The  dimensions  of  these  furnaces, 
as  used  at  Penn  Yan,  are, — height,  41 
feet;  diameter,  16  feet.  They  require 
a  current  of  4000  amperes  at  from  40 
to  60  volts  to  operate  them.  The 
regulation  is,  to  a  certain  extent,  auto- 
matic ;  as  the  temperature,  and  conse- 
quently the  degree  of  fusion,  increases, 
more  molten  sulphur  flows  into  the 
bottom  of  the  hearth  from  the  sulphur 
jackets,  and  the  level  of  the  molten 
mass  rises  until  it  encircles  the  elec- 
trode hoppers  and  gives  rise  to  an  in- 
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crease  in  the  electrical  resistance  of 
the  active  column,  with  a  consequent 
decrease  in  the  current,  until  the 
working  conditions  again  become 
normal.  Experiments  in  1902  showed 
an  output  of  10,000  lbs.  of  carbon  bi- 


CS2 


FIG.   I. — A  BISULPHIDE  OF  CARBON  FURNACE 

sulphide  per  furnace  in  twenty-four 
hours,  but  this  figure  has  since  been 
considerably  increased. 

Among  modern  industrial  processes 
which  have  benefited  by  the  introduc- 
tion of  the  electric  furnace  may  be 
cited  the  manufacture  of  calcium  and 
strontium.  Here,  again,  as  in  the 
case  of  aluminium,  the  processes  are 
partly  electrolytic.  Calcium,  as  is  well 
known  to  the  chemist  and  metallur- 
gist, is  of  great  value  in  various  indus- 
tries as  a  reducing  agent,  the  only 
drawback  to  its  widespread  use  being 
its  present  comparatively  high  market 
value,  which  makes  it  unavailable  for 
all  but  experimental  purposes,  where 
the  question  of  cost  is,  within  certain 
limits,  no  object. 

The  high  price  charged  for  the 
metal  calcium  is  due  to  the  expensive 
method  of  production,  which  consists 
in  subjecting  a  dilute  solution  of  cal- 
cium chloride  to  electrolysis  in  the 
presence  of  a  mercury  cathode ;  an 
amalgam  of  calcium  with  mercury  is 
thus  obtained,  from  which  the  mer- 
cury is  subsequently  driven  off  by 
heat.  Apart  from  the  cost  of  the  pro- 
cess, pure  calcium  is  never  produced 
by  this  method,  a  small  percentage  of 
metallic  mercury  being  always  present 
in  the  resultant  product. 

Messrs.  Borchers  and  Stoekem, 
recognizing  the  need  for  a  cheaper  and 
more  efficient  method  of  production, 
turned  their  attention  to  the  possibili- 
ties offered  by  an  electric  furnace 
method,  and  recently  succeeded  in  de- 


signing an  electrolytic  furnace  in 
which  pure,  metallic  calcium  is  readily 
manufactured  from  its  fused  chloride. 
The  fundamental  principle  involved 
consists  in  the  employment  of  a  small 
cathode  and  correspondingly  large 
anode,  between  which  the  fused  mass 
is  brought  to  a  red  heat,  when  the 
metallic  calcium  makes  us  appearance 
around  the  former  as  a  spongy  mass. 
On  removing  this  latter  from  the  fur- 
nace and  immersing  it  in  petroleum, 
a  porous  residue  is  obtained,  from  50 
per  cent,  to  60  per  cent,  of  which  con- 
sists of  pure  calcium.  The  mass  is 
compressed,  or  squeezed,  while  still 
warm,  in  order  to  get  rid  of  the  chlo- 
ride with  which  it  is  still  saturated, 
and  a  product,  containing  fully  90  per 
cent,  of  pure  metal,  is  the  result.  The 
latter  is  then  fused  in  an  hermetically 
sealed  chamber,  and  thereby  convert- 
ed into  a  firm,  silvery  mass  of  metallic 
calcium.  Calcium  is  claimed  to  have 
been  produced  by  this  method  at  a 
cost  of  approximately  is.  6d.  per 
pound,  about  one  five-thousandth  of 
the  cost  of  the  original  process. 

To  pass  on,  however,  to  a  consid- 
eration of  the  furnace  employed,  let 
us  turn  our  attention  to  Fig.  2,  which 
represents  a  diagrammatic  section  of 
the  latter.  It  consists  of  an  outer  car- 
bon cylinder  C  built  up  of  several 
longitudinal  sections,  each  keyed  into 
its  neighbor,  and  the  whole  held 
together  by  a  metal  ring  or  band  B, 
which  at  the  same  time  constitutes  a 
terminal  connection,  the  carbon  cylin- 
der being  the  anode. 

The  upper  portion  of  the  cylinder  is 
open,  while  its  lower  end  is  closed  by 
a  fire-clay  cylinder  c,  surrounding  and 
insulating  a  metal  chamber  A,  which 
performs  the  double  office  of  a  circu- 
lating water  tank  for  cooling  pur- 
poses, and  a  support  for  the  cathode 
Fe,  which  consists  of  an  iron  rod 
placed  axially  with  regard  to  the  cylin- 
drical anode,  and  screwed,  at  its  base, 
into  the  upper  portion  of  the  cooling 
chamber  A.  Inlet  and  outlet  pipes, 
i  and  0,  respectively,  serve  to  convey 
the  water  to  and  from  the  tank,  while 
it  is  protected  from  the  heat  of  the  fur- 
nace by  a  layer  of  fluorspar  s,  which, 
owing  to  its  hign  melting  point,  re- 
mains solid  during  the  operation  of 
the  furnace.  The  mass  of  calcium 
chloride,  CaCh,  is  placed  above  this, 
the  action  of  the  furnace  being  started 
by  several  thin  carbon  rods,  placed 
radially,  like  the  spokes  of  a  wheel, 
between  the  iron  cathode  Fe  and  the 
inner  surface  of  the  carbon  cylinder. 
The  heat  set  up  by  the  flow  of  cur- 
rent through  these  rods  serves  to  start 
the  fusion  of  the  upper  layer  of  chlo- 
ride, and  they  are  subsequently  re- 
moved, leaving  the  process  of  elec- 
trolysis to  continue  through  the  in- 


itially fused  mass.  The  position  taken 
up  by  the  resultant  spongy  calcium  is 
indicated  in  the  figure  by  Ca. 

The  apparatus  for  the  manufacture 
of  strontium  is,  with  some  slight 
modifications,  incidental  to  the  prop- 
erties of  the  separated  metal  itself, 
similar  to  that  detailed  here  for  the 
production  of  calcium.  Unlike  the 
latter,  strontium  separates  out  from 
its  compounds  in  the  form  of  small, 
spherical  masses,  which  tend  to  rise 
to  the  surface  of  the  molten  salt  and 
there  again  enter  into  chemical  com- 
bination with  the  chlorine  from  which 
they  have  just  been  liberated. 

To  obviate  this  drawback,  the  iron 
cathode  is  made  shorter,  so  that  its 
upper  extremity  reaches  only  to  a 
point  just  above  the  lower  edge  of  the 
cylindrical  carbon  anode.  The  latter 
rests  upon  a  circular  fireproof  struc- 
ture of  insulating  material,  such  as 
fire-clay,  which,  in  turn,  is  supported 
in  a  cup-shaped  depression  in  the  up- 
per portion  of  the  cooling  chamber. 
Unlike  the  former  case,  the  cooling 
chamber  itself  is,  in  the  strontium  fur- 
nace, given  a  larger  diameter  than  the 
carbon  anode,  and  it  is  in  the  central 
depression  or  basin  around  which  the 
anode  rests  that  the  metallic  strontium 
collects  during  the  action  of  the  fur- 
nace, and  is  solidified  by  the  cooling 
effect  of  the  circulating  water. 

Another  partially  electrolytic  fur- 
nace process  is  that  exploited  by  the 
Acker  Process  Company,  at  Niagara 
Falls,  in  the  manufacture  of  caustic 
soda  from  fused  electrolytes.  The 
Acker  electrolytic  furnace  is  shown  in 
section  in  Fig.  3.  It  consists  essen- 
tially of  a  rectangular  trough-like 
structure  or  hearth  F,  having  a  steel 
base  s,  refractory  side  walls  m  of  mag- 
nesia, and  a  removable  horizontal 
false  bottom,  or  dividing  partition  p, 
also  of  steel.     A  flue  /  provides  for 


FIG.  2. MAKING  METALLIC  CALCIUM 

the  escape  of  the  chlorine  gas  evolved 
during  the  process,  which  may  be 
utilized  for  the  manufacture  of  bleach- 
ing powder,  while  one  end  of  the 
structure  slopes  to  a  well  W  fitted 
with  an  injector  A  for  the  introduction 
of  steam  under  pressure.     The  catho- 
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die,  or  negative  electrode,  connection 
with  the  source  of  current  is  made 
through  a  metal  tube  T,  communicat- 
ing with  the  well  W.  The  anodes  CC 
are  cylindrical  graphite  rods,  project- 
ing vertically  through  the  cover  to 
within  a  short  distance  of  the  steel 
partition  p.  NaCl  is  a  mass  of  the  raw 
material  sodium  chloride,  or  common 
salt,  which  is  packed  on  the  top  of  the 
furnace,  and  performs  a  triple  duty, 
viz.,  that  of  conserving  the  heat  gen- 
erated,, hermetically  sealing  all  except 
the  legitimate  gas  outlets,  and  provid- 
ing a  source  of  supply  as  the  charge 
becomes  exhausted.  Pb  is  a  mass  of 
molten  lead  extending  upwards  to  a 
level  slightly  above  that  of  the  false 
bottom  or  partition  p,  and  in  electrical 
connection  with  the  cathode. 

The  process  of  operation  is  as  fol- 
lows:— Steam  being  admitted  to  the 
injector  through  the  inlet  pipe  i,  car- 
ries up  with  it,  from  the  base  of  the 
injector  well,  a  mixture  of  lead,  caus- 
tic soda,  and  hydrogen  gas,  the  re- 
sultant products  of  the  electrolytic 
process  going  on  in  F,  On  reaching 
the  upper  chamber  above  the  well  W, 
these  three  constituent  products  part 
company,  the  alloy  flowing  back  over 
an  inclined  partition  into  the  main  fur- 
nace F,  while  the  caustic  liquid  passes 
over  into  the  receiver  R.  Hydrogen 
gas  is  available  at  the  outlet  o,  and 
may  be  utilized  for  a  variety  of  pur- 
poses, chief  among  which  may  be 
mentioned  its  application  to  an  oxy- 
hydrogen  burner,  or  burners,  for  the 
preliminary  fusion  of  the  charge. 

The  following  facts  in  connection 
with  the  Acker  process,  as  carried  on 


FIG.  3- — THE  ACKER  FURNACE  FOR  CAUSTIC  SODA 


at  Niagara  Falls,  were  given  by  the 
inventor  in  a  paper  read  by  him  be- 
fore the  American  Electrochemical 
Society  at  Philadelphia  in  1902: — 
Each  furnace  has  four  anodes,  and 
consumes  a  total  current  of  9000  am- 
peres, or  2250  amperes  to  each  anode, 
representing  a  current  density  of 
about  3100  amperes  per  square  foot. 

The  efficiency  of  the  process  is  100 
per  cent.,  and  the  works  have  been  in 
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continuous  operation  since  1900,  with 
but  few  temporary  accidental  inter- 
ruptions. The  anodes  do  not  wear 
away  in  use,  and  the  only  trouble  ex- 
perienced is  said  to  have  been  in  the 
electrode  connections  at  the  carbon- 
copper  junction,  the  metal  being 
gradually  corroded  or  eaten  away. 
An  improved  method  of  construction 
has  minimized  this  drawback. 

The  Darling  electrolytic  furnace 
process,  which  is  employed  in  the 
manufacture  of  nitric  acid  and  metal- 
lic sodium  from  nitrate  of  soda,  is 
comparatively  simple.  The  anode 
consists  of  an  outer  iron  vessel,  within 
which  are  placed  two  concentric  cylin- 
ders of  perforated  iron.  A  shunt  con- 
nection between  these  latter  and  the 
outer  iron  anode  protects  them  from 
injury  during  the  action  of  the  fur- 
nace, while  the  soace  between  the  two 
perforated  walls  is  filled  in  with  mag- 
nesia. The  fused  salt  is  contained 
within  the  inner  of  the  two  cylinders, 
the  cathode,  a  carbon  rod,  being  im- 
mersed in  it.  Nitric  acid  gas  is  set 
free  in  the  outer  space  between  the 
walls  of  the  anode  and  the  concentric 
cylinders,  and  is  conveyed  by  an  out- 
let pipe  to  condensing  apparatus, 
where  it  is  converted  into  the  liquid 
acid.  The  sodium,  on  the  other  hand, 
rises  to  the  surface  of  the  fused  salt 
contained  within  the  inner  perforated 
cylinder,  whence  it  is  removed  at  in- 
tervals by  means  of  a  ladle,  and  placed 
in  tin  vessels  containing  a  small  quan- 
tity of  paraffin,  which  effectually  pro- 
tects it  from  the  action  of  the  atmos- 
phere. The  fall  of  potential  between 
the  terminals  of  each  furnace  while  the 
operation  is  in  progress  is 
15  volts. 

The  process  patented  in 
1 90 1  by  Alfred  H.  Cowles 
for  the  manufacture  of  alu- 
minium-bronze in  the  elec- 
tric furnace,  though  far 
from  efficient,  presents  sev- 
eral novel  points.  The  fur- 
nace consists  of  a  porous 
carbon  crucible,  hermetic- 
ally sealed  by  a  close-fitting 
lid,  through  which  passes 
a  carbon  rod.  This  latter 
and  the  crucible  itself  con- 
stitute the  two  electrodes. 
Volatile  products  resulting 
from  the  reduction  in  the 
crucible  pass  through  the  porous 
walls  of  the  latter,  under  pressure  of 
the  gases  produced  in  the  reaction, 
and  are  condensed  on  the  inner  walls 
of  a  cooling  tank  or  water-jacket, 
which  surrounds  the  crucible,  and, 
with  it,  forms  an  annular  space  in 
which  the  volatile  product  is  collected. 
In  order  to  prevent  clogging  of  the 
pores  in  the  walls  of  the  crucible  a 
very  high  temperature  is  necessary. 


Phosphorus  is  another  compara- 
tively recent  product  of  the  electric 
furnace.  The  form  of  construction 
designed  by  Messrs.  Readman  and 
Parker  for  this  purpose  has  already 
been  dealt  with  in  a  previous  article; 


FIG.    4. — THE    MACHALSKE    FURNACE   FOR  MAK- 
ING  PHOSPHORUS 

it  is  employed  at  Niagara  Falls  and  at 
Oldbury,  England,  by  Messrs.  Al- 
bright and  Wilson.  It  was  patented 
in  Great  Britain  in  1888,  and  consists, 
briefly,  in  heating,  by  means  of  a  re- 
sistance furnace  in  which  the  charge 
itself  constitutes  the  resistance  col- 
umn, an  intimate  mixture  of  phos- 
phates and  carbon,  together  with  a 
suitable  flux,  the  terminal  electrodes 
being  of  carbon.  The  capacity  of  the 
furnaces  is  i-|  cwt.  of  phosphorus  per 
furnace  per  day.  The  process  is  fairly 
economical,  in  that  from  80  to  90  per 
cent,  of  the  phosphorus  contained  in 
the  charge  is  recovered.  In  1898  the 
Oldbury  works  utilized  700  H.  P.  and 
the  Niagara  works  300  H.  P.  in  the 
manufacture  of  this  element,  but  the 
plant  and  output  have  since  been  con- 
siderably increased. 

Similar  plants  are  in  existence  in 
Geneva,  Switzerland,  and  Greisheim, 
Germany,  in  which  latter  country  the 
refusal  of  patent  rights  has  left  the 
electric  furnace  method  open  to  all 
comers. 

The  Machalske  electric  furnace  pro- 
cess for  the  manufacture  of  phospho- 
rus, invented  by  Dr.  F.  J.  Machalske, 
of  Long  Island  City,  N.  Y.,  and  ex- 
ploited by  the  Anglo-American  Chem- 
ical Company,  is  illustrated  in  Fig.  4. 
The  furnace  consists  of  a  central 
chamber  or  crucible  C,  36  inches  by 
12  inches  by  18  inches,  built  up  of 
carbon  blocks,  and  lined  internally 
with  calcined  magnesia  and  a  special 
mixture,  while  outside  it  is  jacketed 
with  fire-clav,  red  brick  and  a  mixture 
of  borax  and  asbestos  flour.  The  up- 
per electrode  E  is  mounted  in  a  special 
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holder  or  clamp  A,  and  provided  with 
a  hand-wheel  and  worm  W  for  feed 
adjustment.  It  is  4  inches  in  diameter 
and  8  feet  long.  The  lower  electrode 
F  passes  vertically  up  through  the 
floor  of  the  furnace,  and  is  also  pro- 
vided with  a  screw  and  hand-wheel 
adjustment,  as  shown.  The  raw  ma- 
terial, or  phosphate,  is  placed  in  the 
hopper  H,  and  is  fed  into  the  furnace 
chamber  by  the  screw  conveyor  S. 
Once  the  action  is  started,  the  arc  can 
be  drawn  out  to  as  great  a  length  as 
15  inches.  An  alternating  current  is 
employed,  with  a  voltage  ranging 
from  30  to  120  volts.  Each  furnace 
takes  from  1000  to  4000  amperes,  and 
a  temperature  of  7000  degrees  F.  is 
available  within  five  minutes  of 
switching  on. 

A  molten  slag,  consisting  mainly  of 
calcium  silicate,  is  produced  and  is 
run  off  at  the  tap  hole  T,  while  the 
phosphorus  is  driven  off  as  vapor,  and 
passes,  by  way  of  the  outlet  0,  into 
suitable  condensers,  where  it  solidifies 
in  the  form  of  dark  yellow  shavings. 
These  are  subsequently  treated  with 
sodium  hypo-bromide,  whereby  the 
red  phosphorus  is  converted  into  yel- 
low and  impurities  are  eliminated. 

In  the  Machalske  furnaces,  as  de- 
scribed above,  150  lbs.  of  the  raw 
phosphate  can  be  treated  in  a  quarter 
of  an  hour,  yielding  yellow  phospho- 
rus at  about  7  cents  per  pound, 
reckoned  on  a  basis  of  4  cents  per 
K.  W.-hour.  Two  of  these  furnaces, 
each  consuming  2000  amperes,  are  in 
use  by  the  Anglo-American  Chemical 
Company  for  the  manufacture  of  yel- 
low and  red  phosphorus. 

One  of  the  more  recent  applications 
of  the  electric  furnace  is  in  the  manu- 
facture of  glass,  a  process  which  en- 
tails considerable  expenditure  of  heat 
and  a  comparatively  clean  source  for 
the  latter,  such  that  no  impurities  in 
the  shape  of  combustion  products 
shall  enter  into  the  fused  mass  and  de- 
stroy the  purity  and  transparency  of 
the  finished  article.  Nernst's  discov- 
eries in  connection  with  earths  that 
become  electric  conductors  when 
heated  to  a  certain  degree  have  an  im- 
portant bearing  on  the  development 
of  this  industry,  in  that  glass  itself 
may  be  numbered  among  those  sub- 
stances; molten  glass  is,  in  point  of 
fact,  an  electrolyte,  and  thus  lends  it- 
self readily  to  electric  furnace  methods 
of  manufacture. 

One  of  the  earliest  electric  furnaces 
for  glass  production  was  patented  in 
Germany  in  1882  by  Messrs.  S.  Reich 
&  Co.  It  was  of  the  resistance  type, 
and  consisted  essentially  of  a  carbon 
crucible,  open  at  the  base,  and  lined 
internally  with  a  net  or  bag  of  plati- 
num wire.  The  raw  material  was  fed 
into  this,  and  having  been  fused  by 


the  heat  developed  in  the  carbon 
walls,  dripped  through  into  refining 
vessels  placed  underneath. 

The  furnace  invented  by  August 
Voelker,  of  Ehrenfeld,  is  represented 
in  Fig.  5,  and  is  a  combination  of  the 
arc  and  resistance  principles  of  elec- 


FIG.  5. THE  VOELKER  ELECTRIC  GLASS  FURNACE 

trie  heating,  the  upper  portion  A  be- 
ing utilized  as  an  arc  furnace  for  melt- 
ing the  raw  materials,  and  the  inter- 
mediate B  as  a  resistance  furnace  for 
a  species  of  refining  process  which  the 
molten  mass  subsequently  undergoes 
before  it  finally  overflows  into  the 
lower  receptacle,  or  trough  C. 

The  arc  furnace  A  is  constructed  of 
refractory  material,  and  has  a  dome  d 
which  reflects  the  heat  of  the  arc  set 
up  between  the  two  electrodes  e  c  on 
to  the  raw  material,  which  is  fed  by 
screw  conveyors  s  s  from  the  hoppers 
h  h,  and  delivered,  as  shown,  just  be- 
neath the  electrodes.  The  mass,  hav- 
ing been  fused  by  the  reflected  heat 


FIG.  6. — THE  BRONN  ELECTRIC  GLASS  FURNACE 

of  the  arc,  flows  down  the  central 
opening  or  chimney  c  into  the  inter- 
mediate resistance  furnace  B,  which  is 
subdivided  by  the  vertical  perforated 
partitions  p  p  into  one  central  and  two 
outer  chambers.  In  these  latter  are 
placed  the  two  electrodes  /  /  of  the  re- 


sistance furnace,  the  circuit  between 
them  being  completed  by  the  molten 
glass.  The  object  of  the  partition  is 
to  prevent  contamination  of  the  fluid 
mass  by  particles  which  might  become 
detached  from  f  f. 

In  this  intermediate  chamber  the 
glass  becomes  more  fluid,  and  the 
bubbles  of  air  and  gas,  carried  over 
by  it  from  the  first  fusion  in  A,  are 
driven  off.  It  then  overflows  into  the 
cavity  C,  whence  it  is  drawn  off  as 
pure  glass,  and  is  ready  for  use  as 
such. 

A  glass-making  arc  furnace  invent- 
ed by  Albert  A.  Shade,  of  Chicago, 
consists  of  an  inclined  tubular  hearth, 
running  through  a  fire-brick  support 
or  base,  and  provided  at  its  upper  and 
lower  extremities,  respectively,  with 
the  usual  hopper  and  screw  conveyor 
for  feedinp-  the  raw  material,  and  a 
tapping  orifice  for  drawing  off  the 
molten  product.  Disposed  axially 
throughout  the  length  of  the  tube  are 
several  pairs  of  electrodes,  between 
which  the  necessary  heat  is  developed. 
A  preliminary  heating  of  the  charge 
is  accomplished  by  the  aid  of  several 
gas  burners  in  the  upper  portion  of 
the  furnace,  while  a  series  of  magnets 
and  iron  shields,  fixed  in  recesses  pro- 
vided for  them  in  the  hearth,  serve  to 
direct  the  various  arcs  downward  on 
to  the  charge  as  it  passes  through. 

The  Bronn  process  for  the  manu- 
facture of  glass  in  the  electric  furnace 
has  been  devised  with  a  view  to  over- 
coming several  of  the  drawbacks  in- 
cidental to  a  continuous  process,  chief 
among  which  may  be  mentioned  the 
splitting  up  of  the  continuous  charge, 
while  passing  through  the  furnace, 
into  unequal  masses,  and  a  conse- 
quent lack  of  homogeneity  in  the 
manufactured  product;  contamination 
of  the  molten  glass  by  particles  de- 
tached from  the  electrodes,  etc. 

The  general  principles  01  construc- 
tion and  operation  of  the  Bronn  fur- 
nace, invented  by  J.  Bronn,  of  Koln, 
Germany,  are  presented  in  Fig.  6,  in 
which  H  is  a  hopper,  in  which  the  raw 
material,  in  the  form  of  a  powder,  is 
mixed  with  a  suitable  binding  sub- 
stance, such  as  water-glass,  hydraulic 
lime,  or  plaster,  which  will  not  affect 
the  transparency  or  purity  of  the  re- 
sultant glass.  The  mixture  is  fed 
down  the  chute  C  to  the  rollers  R  R, 
between  which  it  passes,  and  is  there- 
by transformed  into  a  continuous  and 
homogeneous  sheet  or  rod,  as  the  case 
may  be,  the  particles  being  held  to- 
gether by  the  water-glass  or  lime  be- 
fore mentioned.  It  next  passes  over 
a  heated  roll  r,  which  drives  off  all 
moisture,  and  finally  emerges  on  the 
upper  extremity  of  an  inclined  plane 
/>,  forming  the  hearth  or  floor  of  the 
furnace.     Down   this   it  travels   at  a 
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regular  rate,  dependent  upon  the 
speed  of  fusion  and  consequent  glass 
formation,  passing  for  that  purpose 
under  the  arcs  playing  between  the 
electrodes  E  E,  or,  if  in  rod  form, 
traveling  clown  the  hearth  in  like  man- 


Unfortunately,  the  ordinary  metal- 
processes  for  its  extraction 
from  the  various  arsenic-bearing  ores 
possess  many  attendant  disadvant- 
ages, not  the  least  of  which  arise  out 
of  the  poisonous  nature  of  the  fumes 
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ner  between  opposite  pairs  of  arc 
electrodes. 

F.  A.  Becker's  method  of  glass 
manufacture  in  the  electric  furnace 
calls  for  the  use  of  three  arcs,  arranged 
one  below  the  other,  to  form  a  series 
of  steps.  The  first  two  arcs  consume 
ioo  amperes,  and  effect  the  necessary 
fusion  of  the  raw  materials,  while  the 
third,  situated  at  the  lowest  point, 
takes  50  amperes,  and  serves  to  main- 
tain the  fluidity  of  the  molten  glass. 
The  voltage  employed  is  40,  and  the 
current,  owing  to  the  fact  that  a  direct 
or  uni-directional  flow  decomposes 
molten  glass,  is  alternating  in  char- 
acter. 

Last,  but  by  no  means  least,  of  the 
many  industrial  applications  of  the 
electric  furnace,  only  a  few  of  the 
principal  ones  of  which  have  been  in- 
cluded here,  is  the  smelting,  or  reduc- 
tion of  metalliferous  ores,  and  the 
manufacture  of  steel.  As  typical  of 
the  former,  the  reduction  of  arsenic 
ores  may  be  cited.  The  importance 
of  arsenic  as  a  marketable  commodity 
may  be  gauged  from  the  facts  that  the 
total  output  for  1900  was  7300  metric 
tons,  produced  by  Great  Britain,  Ger- 
many, Italy,  Spain,  and  Canada,  the 
two  first-named  being  the  principal 
manufacturers.  The  demand  is  said 
to  be  quite  equal  to  the  supply,  so  that 
there  is  little  doubt  as  to  the  need  for 
this  useful  metal, 


riven  off  during  the  process  and  their 
deleterious  effect  on  the  surrounding 
animal  and  vegetable  kingdom.  This 
is  all  the  more  unfortunate  in  that 
many  of  the  well-known  arsenic-bear- 
ing ores  are  also  rich  in  gold  and 
other  precious  metals.  An  improved 
process,  therefore,  calculated  to  in- 
crease the  output  and  efficiency  of  ex- 
traction, would  doubtless  be  welcomed 
by  metallurgists  all   over  the  world. 


value.  They  are  very  rich  in  arsenic, 
averaging  46  per  cent,  by  weight  of 
that  metal,  which  exists  in  the  form 
of  sulpho-arsenide  of  iron  (FeS2-\- 
FeAs2). 

The  process  of  reduction  consist  in 
heating  the  ore  electrically  in  a  closed 
furnace  from  which  atmospheric  oxy- 
gen is  hermetically  excluded.  The 
iron  combines  with  the  sulphur,  form- 
ing ferric  and  ferrous  sulphides,  which 
are  thrown  down  in  the  form  of  a 
fused  matte,  and  include  the  precious 
metals,  while  the  arsenic  itself  is  liber- 
ated as  a  heavy  metallic  vapor  and  is 
collected  in  suitable  condensers  as  a 
fine  metallic  power.  The  process  is 
carried  on  in  a  circulating  atmosphere 
of  nitrogen  gas,  formed  in  the  first 
place  from  the  atmosphere  by  extract- 
ing the  oxygen  by  combination  with 
a  small  quantity  of  arsenic  vapor  to 
form  the  oxide.  Once  produced  in 
this  manner,  the  same  volume  of  nitro- 
gen is,  by  circulation,  used  repeatedly 
in  the  furnace. 

The  general  construction  of  the  lat- 
ter is  shown  in  Fig.  7,  in  which  F  is 
the  furnace  proper,  with  a  refractory 
hearth  or  lining  R  of  fire  brick.  In 
this  are  embedded  the  two  cast-iron 
electrodes  EE.  A  central  hopper  H 
serves  for  the  introduction  of  the  ore, 
but,  at  the  same  time,  prevents  ingress 
of  air;  M  is  the  mass  of  fused  ore, 
which  constitutes  the  resistance  path 
between  the  electrodes;  CCCC  are 
condensers,  with  bottom  traps  1 1,  in 
which  the  powered  arsenic  collects 
and  from  which  it  is  removed.  The 
tube  T  completes  the  circulatory  sys- 
tem for  the  nitrogen  gas,  which  is  kept 
in  motion  by  a  mechanically-driven 
blower  B.  This  latter  is  reversible,  so 
that  when  one  set  of  condensers  be- 
comes heated  the  current  of  gas  may 


FIG.   7. — THE  WESTMAN   FURNACE  FOR  TREATING  ARSENIC  ORES 

Such    a   process,    applicable   to    at      be  reversed,  and  the  heat  energy  thus 
least  one  rich  grade  of  arsenic  ore,  has      stored  up  utilized  for  maintaining  the 


been  invented  by  Mr.  G.  M.  Westman, 
of  New  York.  It  comprises,  in  effect, 
a  resistance  furnace  process,  and  the 
ores  capable  of  treatment  by  it  are 
known  as  "mispickel,"  or  arseno- 
pyrite  ores,  which  also  contain  ores 
of  gold,   silver,  and  other  metals  of 


general 


temperature  of    the  furnace, 
which  would  otherwise  tend  to  fall. 

An  exhaustive  test  was  conducted  on 
an  experimental  furnace  of  this  type 
by  Mr.  Carl  Hering  several  years  ago. 
The  process,  owing  to  the  small  size 
of    furnace    employed,    was  naturally 


372 


THE      ELECTRICAL      AGE 


June,  1904 


wasteful  of  energy;  but,  by  measure- 
ment of  some  losses  and  computation 
of  others,  a  fair  estimate  of  the  proba- 
ble cost  of  reduction  in  a  larger  fur- 
nace was  arrived  at.  An  alternating 
current  of  8000  to  10,000  amperes,  at 
a  periodicity  of  120  was  used,  the  elec- 
trodes, which,  as  already  stated,  were 
of  cast-iron,  being  about  6  square 
inches  in  cross-sectional  area  and 
rather  long.  The  losses,  amounting 
to  more  than  half  the  energy  supplied 
to  the  furnace,  were  due  to  several 
contributory  causes,  viz.,  skin  effect, 
hysteresis,  resistance,  Foucault  or 
eddy  currents  and  conduction.  The 
losses  in  leads  alone  from  the  second- 
ary of  the  transformer  to  the  furnace 
terminals,  amounted  to  44  K.  W., 
while  9  to  10  K.  W.  were  lost  by  ra- 
diation and  conduction. 

In  one  trial  185  pounds  of  ore  were 
supplied  to  the  furnace  in  the  hour,  the 
power  consumed  in  the  conversion 
being  about  105  K.  W.;  the  current 
varied  from  4000  to  8400  amperes,  and 
the  voltage  from  12  to  22  volts,  repre- 
senting a  rate  of  approximately  1 140 
K.  W.  hours  per  2000-pound  ton  of 
ore.  According  to  Mr.  Hering,  it  is 
quite  safe  to  assume  that  in  a  large, 
well-designed  furnace,  the  power  re- 
quired in  the  reduction  process  would 
not  be  more  than  1000  K.  W .-hours 
per  2000-pound  ton  of  ore.  The  theo- 
retical heat  energy  required  has  been 
variously  estimated  at  from  200  to  400 
K.  W.-hours  per  ton,  which  indicates 
a  margin  for  improvement. 

The  patent  rights  in  Mr.  Westman's 
process  are  the  property  of  the  Arseni- 
cal Ore  Reduction  Company,  of  New- 
ark, N.  J.,  who  are  applying  it  to  the 
large  deposits  of  ore  in  what  is  known 
as  the  Big  Dan  claim  in  Ontario,  re- 
cently acquired  by  them. 

Rumor  has  been  rife  during  the  last 
year  or  two  regarding  the  Stassano 
electric  furnace  process  for  the  pro- 
duction of  iron  and  steel.  This  con- 
sists in  brief,  in  first  subjecting  the  ore 
to  a  process  from  which  it  emerges 
in  a  state  of  fine  subdivision.  Lime 
and  Coke,  also  ground  to  a  fine  pow- 
der, are  then  mixed  with  it  in  the  nec- 
essary proportions,  and  the  mixture, 
aided  by  a  suitable  binding  material, 
is  moulded  into  briquettes,  in  which 
form  it  is  subjected  to  heat  in  specially 
designed  arc  furnaces.  The  process 
is  a  continuous  one,  the  resultant 
metal  slag  being  tapped  off  at  regular 
intervals.  An  experimental  plant  was 
installed  at  Cerchi,  in  Italy,  the  fur- 
nace being  about  10  feet  high,  and 
calling  for  an  expenditure  of  1800  am- 
peres at  50  volts  for  an  output  of  66 
pounds  of  metal  per  hour.  In  the  ori- 
ginal experiments  with  the  Stassano 
process  1  kilogram  (2.2  pounds)  of 
manganiterous  steel  involved  the  ex- 


penditure of  4.08  E.  H.  P.  hours;  this 
figure  has,  however,  since  been  re- 
duced to  2..J  E.  H.  P.  hours  for  an 
equivalent  output. 

The  Gysinge  process  of  electrical 
steel  production,  also  somewhat  large- 
ly spoken  of,  is  now  carried  out  on  a 
commercial  scale  at  Gysinge,  Sweden. 
The  works  occupy  the  site  of  the  ori- 
ginal Gysinge  sulphite  factory,  which 
was  burnt  down  in  1901.  Experi- 
mental trials  have  demonstrated  that 
in  a  furnace  having  a  capacity  of  about 
400  poundsof  raw  ore,  from  1300  to 
1500  pounds  of  steel  can  be  produced 
in  twenty-four  hours.  The  power  is 
derived  from  a  direct-coupled,  tur- 
bine-driven generator  of  300  H.  P., 
and  the  new  furnace  has  a  capacity  of 
4000  pounds,  with  an  estimated  out- 
put of  1500  tons  of  steel  per  annum. 
The  finished  product  is  said  to  be  of 
excellent  and  uniform  quality,  but  fur- 
ther details  regarding  the  actual  pro- 
cess are  lacking. 

In  1 90 1  a  French  patent  was  taken 
out  by  the  Societe  filectrometallur- 
gique  Franchise  on  an  arc  furnace  for 
the  manufacture  of  all  varieties  of 
iron  and  steel  in  one  operation,  by 
the  direct  treatment  of  specific  mix- 
tures of  iron  ore,  carbon  and  such 
other  ingredients  as  are  determined 
by  the  nature  of  the  product  required. 

The  furnace  construction  is  very 
simple,  consisting  of  a  refractory 
structure  of  crucible  provided  with  a 
domed  cover  of  loose  fire  bricks, 
which  can  be  removed  for  charing 
purposes,  and  through  which  pass  two 
similar  vertical  electrodes.  These  lat- 
ter do  not  extend  to  the  bottom  of  the 
crucible,  but  only  to  a  level  with  the 
upper  tapping  hole  provided  for  the 
removal  of  the  slag  formed  in  the 
smelting  process.  The  molten  metal 
collects  at  the  bottom  of  the  crucible 
below  the  level  of,  and  consequently 
out  of  contact  with,  the  electrodes, 
and  is  drawn  off  at  a  separate  tapping 
hole  situated  at  the  lower  point  of  the 
hearth. 

As  already  intimated,  the  writer 
has,  in  the  preceding  paragraphs, 
touched  but  lightly  upon  some  of  the 
leading  industrial  applications  of  the 
electric  furnace.  The  brief  pro- 
gramme thus  gone  through  must  not 
by  any  means  be  regarded  as  repre- 
senting the  entire  field  of  utility  cov- 
ered by  the  latter.  New  uses  and  ap- 
plications are  constantly  being  found 
for  it,  and  it  has  every  prospect  of  in- 
creasing popularity  in  an  industrial 
field  far  beyond  the  comparatively 
limited  scooe  of  its  rivals. 


A  Radium  Forecast  in  Fiction 

TO  the  late  novelist,  Lord  Lytton, 
is  attributed  the  forecast  of  the 
discovery  of  radium.  In  his 
marvelous  imaginative  work,  "The 
Coming  Race,"  in  many  respects  the 
most  remarkable  of  his  writings,  the 
novelist  gave  an  account  of  the  life  led 
by  a  race  of  human  beings  far  down  in 
the  bowels  of  the  earth.  The  distinc- 
tive feature  of  the  book,  in  fact  the 
pivot  upon  which  the  plot  hinges,  is 
the  possession  by  those  underground 
dwellers  of  a  mysterious  substance 
named  "vril,"  and  which,  as  described 
by  Lytton,  is,  according  to  Hornblow, 
writing  in  "The  Critic,"  identical  with 
radium.  Hornblow  summarizes  the 
similarities  between  radium  and  the 
substance  hatched  in  the  brain  of  the 
author  as  follows: — "(1)  Lytton  says 
a  small  amount  of  vril  could  destroy  a 
city  as  large  as  London,  and  that  a 
child  could  destroy  an  army  by  merely 
pointing  at  it  a  staff  charged  with  the 
substance;  science  assures  us  to-day 
that  the  power  of  radium  is  almost 
limitless,  that  two  pounds  of  it  could 
destroy  three  millions  of  people,  and 
that  one  ounce  would  blow  up  a  bat- 
tleship. (2)  Lytton's  subterranean  race 
lighted  their  streets  with  vril.  Science 
tells  us  that  radium  gives  out  light 
and  heat  without  waste  or  diminution. 
It  is,  therefore,  only  a  question  of 
quantity  and  proper  adaptation  when 
the  world  will  use  radium  for  lighting 
purposes.  (3)  This  wonderful  vril  of 
the  novelist  could,  he  claimed,  cure 
diseases.  Indeed,  the  race  depended 
wholly  on  it  to  restore  or  invigorate 
life.  Experiments  recently  made  with 
radium  in  hospitals  demonstrate  that 
it  will  cure  certain  forms  of  disease, 
such  as  lopus  and  other  skin  diseases. 
It  is  also  believed  that  it  will  cure  can- 
cer; on  the  other  hand,  if  applied  dif- 
ferently, it  will  burn  the  skin  and 
destroy  life.  Physicians  declare  that 
air  rendered  radioactive  will  cure  con- 
sumption, and  that  water  rendered 
radioactive  will  cure  stomach  trou- 
bles." Could  then,  asks  Hornblow, 
Lytton  have  been  otherwise  than  in- 
spired when  he  wrote  half  a  century 
ago  of  vril — "It  enables  the  physical 
organization  to  re-establish  the  equili- 
brium of  its  natural  powers  and  there- 
by to  cure  itself"? 


According  to  recently  published 
statistics,  Great  Britain's  output  of 
coal  in  1903  reached  the  record  figure 
of  230,323,391  tons. 


The  Philippine  exhibit  at  the  St. 
Louis  Fair  consists  of  nearly  100 
buildings,  occupying  47  acres  of 
woodland,  in  which  are  housed  about 
75,000  catalogued  exhibits,  as  well  as 
1 100  representatives  of  the  different 
peoples  in  the  Philippine  Islands. 
One  very  interesting  feature  of  the 
exhibit  will  be  a  Philippine  school, 
with  teacher  and  pupils  at  work. 
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ELECTRIC  heating  is  a  subject  of 
growing-  interest  to  the  central 
station  manager,  and  from  the 
past  few  years'  experience,  I  can  say 
it  is  worthy  of  all  the  consideration 
that  may  be  given  it.  Its  development 
generally  has  been  much  slower  than 
any  other  application  of  electricity,  and 
the  reasons  are  not  far  to  seek.  As  far 
back  as  fifteen  or  sixteen  years  ago, 
when  the  electric  motor  was  seeking 
a  foothold  and  alternating  current  was 
grudgingly  being  given  a  place  in  the 
family  of  "systems,"  electric  flatirons 
and  electric  cooking  devices  made  their 
appearance. 

The  earliest  work  of  a  substantial 
character  was  begun  by  the  Carpenter 
Electric  Heating  Company,  of  Minne- 
apolis, in  1889,  and  continued  through 
a  checkered  career  for  several  years. 
Other  companies  were  numerous  and 
short-lived,  as  most  of  them  deseived 
to  be.  While  the  earliest  products 
were  not  all  that  could  be  desired,  and 
much  crude  experimenting  was  con- 
ducted at  the  expense  of  the  enterpris- 
ing public,  some  of  the  product  justi- 
fied itself  in  the  way  of  fair  perform- 
ance. Had  there  been  a  more  general 
use  of  current  in  residences  and  in- 
dustrial establishments  to  make  the 
market  worth  while,  a  different 
history  would  have  been  written.  Con- 
siderably less  than  ten  years  ago  there 
were  few  central  stations  outside  of 
the  largest  cities  which  supplied  cur- 
rent in  the  day  time.  In  such  cities  the 
rates  were  high,  with  the  use  of  con- 
stant potential  current  limited  largely 
to  the  most  important  stores,  few  resi- 
dences and  fewer  industrial  enter- 
prises. The  isolated  plants  were  small 
and  used  entirely  for  lighting  for  a 
few  hours  a  day. 

Six  or  seven  years  ago  the  condi- 
tions rapidly  changed,  but  prior  to  this, 
because  of  the  early  numerous  failures 
of  electric  heating  companies  and  the 
sad  experience  of  the  public  with  much 
of  their  product,  electric  heating  had 
become  as  much  discredited  as  had  the 
storage  battery  earlier.  Extraordi- 
nary efforts  were  required  to  place  the 
storage  battery  where  it  rightfully  be- 


belonged,  even  several  years  after  its 
revival  abroad  pointed  the  way,  so 
strong  was  the  prejudice  of  our  fra- 
ternity due  to  their  faith  in  tradition. 

Electric  heating,  while  not  meriting 
the  same  consideration,  was  very  se- 
riously retarded  in  its  development  by 
this  same  prejudice,  and  after  eight 
years'  effort,  during  which  period 
substantial  improvement  had  made 
possible  such  success  as  has  obtained, 
I  can  say  that  the  present  results 
would  have  been  achieved  much  earlier 
had  there  been  no  past. 

The  future  of  electric  heating  is  as- 
sured and  yet  it  has  in  it  disappoint- 
ing elements  for  its  advocates  who  do 
not  rightly  comprehend  its  limitations. 
In  the  early  days  of  electric  lighting, 
the  salesman  confidently  asserted  that 
all  the  speculative  dreams  of  the  in- 
ventor could  be  accomplished  by  any- 
one who  would  purchase  his  particu- 
lar dynamo  and  appliances.  Electric 
heating  is  capable  of  being  misunder- 
stood to  a  considerable  degree.  The 
engineer,  without  some  thought,  will 
wonder  how  we  can  successfully  heat 
with  electricity  the  staterooms  of  an 
ocean-liner,  competing  with  steam, 
while  deriving  power  from  steam, 
when  we  cannot  heat  an  office  with 
current  from  water-power  at  $30  per 
year  per  horse-power,  or  by  meter  at 
3  cents  per  horse-power ;  yet  it  is  true. 
If  this  is  a  problem  to  an  engineer,  how 
does  it  appeal  to  the  laymen?  It  will 
be  found  that  many  things  are  possi- 
ble that  are  not  commercially  prac- 
tical, and  many  that  appear  so  are  not, 
and  because  of  this  I  want  to  appeal 
to  central  station  men  to  get  a  grasp 
of  the  elements  of  electric  heating,  and 
a  knowledge  of  working  conditions, 
that  you  may  move  rapidly  and  reap 
the  benefits  of  intelligent  aplication  of 
this  branch  of  development. 

For  residences,  in  all  cases,  the  rates 
for  lighting  are  the  highest  charged 
for  any  service.  This  is  of  necessity 
on  account  of  relatively  small  return 
for  the  investment  and  maintenance 
cost  required  to  supply  a  residence  as 
compared  with  other  service ;  it  is  im- 
portant that  the  customer  may  increase 


the  usefulness  of  his  supply  without 
materially  increasing  the  cost. 

Electric  lighting  costs  more  than 
gas  directly,  but  its  many  advantages, 
such  as  cleanliness,  convenience  and 
safety,  are  gains  that  are  now  appreci- 
ated as  having  a  cash  value.  The  use  of 
fans  and  sewing-machine  motors  is  not 
possible  with  gas,  and  the  operating 
expense  is  slight.  By  adding  more  of 
such  elements  in  the  home  which  gas 
cannot  supply,  or  only  in  a  crude,  im- 
perfect way,  your  position  becomes  im- 
pregnable, for  what  your  customer  can 
get  will  be  well  worth  the  price,  and 
the  cost  not  high. 

There  are  many  convenient  electric 
heaters  of  small  current  consumption 
that  are  effective  in  supplying  wants 
that  gas  cannot  meet,  or  when  possible 
with  gas,  the  contrast  is  even  more 
marked  in  their  favor  than  a  compari- 
son of  the  two  methods  of  illumina- 
tion, and  I  will  mention  some  of  them. 

Electric  curling  iron  heaters  use 
50  watts  and  are  only  in  service  a 
few  minutes  at  a  time.  The  electric 
heating  pad,  or  substitute  for  a  hot 
water  bottle,  is  an  invaluable  device 
when  required,  and  uses  but  50  watts. 
Electric  flatirons  are  made  for  sewing- 
room  use  of  200  or  300-watt  capacity, 
and  though  frequently  in  commission, 
the  period  of  operation  is  short,  so 
that  the  monthly  consumption  of  cur- 
rent is  small.  They  save  many  trips 
to  the  kitchen  for  a  hot  iron  to  press 
a  seam,  a  bit  of  lace  and  not  unfre- 
quently  Johnny's  trousers. 

An  electric  tea-kettle  or  stove  using 
200  watts,  or  a  small  cup  with  heater, 
will  produce  afternoon  tea  for  two, 
heat  the  baby's  milk  night  or  day, 
heat  shaving  water  and  is  of  much 
value  in  the  sick  room.  With  two 
small  stoves,  a  breakfast  of  eggs,  toast 
and  coffee  can  be  prepared  on  the  din- 
ing table  while  you  wait,  and  you  will 
not  wait  as  long  as  usual. 

A  chafing  dish,  of  course,  is  more 
useful  for  general  cooking  in  the  din- 
ing room,  and  until  one  has  "lived 
with  an  electric  chafing  dish,"  he  does 
not  know  its  possibilities.  These  re- 
quire 200  or  500  watts,  according  to 
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the  size,  and  are  cheaper  to  operate  at 
lighting  rates  than  the  alcohol  kind. 
An  automatic  coffee  urn  for  the  break- 
fast table  does  its  work  perfectly  in 
from  ten  to  twenty  minutes,  using  200 
to  400  watts,  according  to  size.  For 
ihe  man  of  the  house,  inclined  to 
tinker,  an  electric  soldering  iron,  using 
from  100  to  200  watts,  is  useful,  as 
well  as  a  small  glue  pot. 

All  of  the  above-mentioned  articles 
are  usually  supplied  with  lamp  socket 
plugs,  and  are  sold  ready  to  connect. 
There  is  nothing  in  the  way  of  special 
work  required  to  put  them  into  ser- 
vice ;  their  operation  is  quickly  under- 
stood, and  most  are  of  such  low  price 
as  to  be  easy  to  introduce.  Such 
articles  are  the  best  possible  advocates 
for  the  more  extended  use  of  the  elec- 
tric service  in  the  household,  and  will 
do  much  to  make  a  satisfied  customer. 
The  fact  that,  except  the  heating-pad, 
none  of  the  articles  are  at  work  for 
more  than  from  ten  to  thirty  minutes 
at  a  time,  makes  the  aggregate  for  the 
month  but  a  small  addition  to  the 
total  bill,  yet  a  material  gain  to  the 
station,  for  it  is  added  output  on  ex- 
isting service  wires,  and  the  articles 
serve  as  missionaries. 

Every  residence  customer  on  cen- 
tral station  lines  should  be  systemati- 
cally informed  of  the  advantages  of 
these  small  items,  their  introduction 
should  be  urged,  and  a  record  kept  of 
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the  purchases.  The  use  of  the  above 
leads  to  a  demand  for  electric  cooking 
appliances  for  the  kitchen,  and  irons 
for  the  laundry. 

How  does  the  cost  of  electric  cook- 
ing compare  with  gas  ?  Here  we  have 
a  burning  question.  If  electricity  and 
gas  could  be  used  at  equal  efficiencies 
for  the  various  cooking  operations, 
this  topic  would  have  been  omitted, 
but  fortunately  that  is  not  the  case. 
Electric  cooking  apparatus  easily  op- 
erates at  an  average  efficiency  of  about 
70  per  cent.,  and  gas  at  about  15  per 
cent,  in  ordinary  practice  in  domestic 
kitchens.  I  am  aware  that  some  gas 
operations  show  a  much  higher  value 
and  others  less,  and  in  the  hands  of 
experts  better  average  results  may  be 
obtained,  but  this  is  equally  true  of 
electric  apparatus.  Jane  may  turn  on 
the  oven  of  either  system  half  an 
hour  in  advance  of  the  time  required. 
She  can  run  the  burners  under  the 
kettles  wide  open  and  waste  at  a 
greater  rate  than  by  treating  the  elec- 
tric heaters  in  the  same  manner,  for 
they  have  a  fixed  maximum,  and  it  is 
all  heat;  but  whether  gas  or  electric 
cooking  is  reasonable  in  cost  depends 
much  on  Jane. 

Gas  varies  in  quality.  It  is  credited 
with  having  from  600  to  800  heat 
units  per  cubic  foot,  and  it  depends  on 
the  pressure,  location,  kind  and  condi- 
tion of  burners  as  to  whether  com- 


plete combustion  occurs  to  develop  all 
these  heat  units.  Assuming  that  un- 
der average  conditions  700  heat  units 
are  available  for  every  cubic  foot  of 
gas,  we  have  700,000  heat  units  for  a 
thousand  feet.  One  thousand  heat 
units  equal  0.2909  kilowatt-hours. 
Allowing  a  drop  of  1  per  cent,  be- 
tween meter  and  heater  gives  us 
0.2938  K.  W.  H.  for  1000  heat  units. 
On  a  basis  of  15  per  cent,  average 
efficiency  for  gas  ranges,  we  have 
effective  105,000  B.  T.  U.  in  each  1000 
feet  of  gas. 

Electric  heat  at  an  average  effi- 
ciency of  70  per  cent,  equals  0.4197 
K.  W.  H.  per  1000  effective  heat 
units,  and  for  105,000  effective  there 
would  be  required  44.065  K.  W.  H.  to 
give  the  same  results.  To  compete 
with  gas  at  equal  rates  electricity  will 
have  to  be  sold  at  5.67  cents  per  K. 
W.  H.  where  gas  is  at  $2.50  per  1000 
feet;  at  4.54  cents  per  K.  W.  H.  where 
gas  is  at  $2  per  1000  feet;  at  3.40  cents 
per  K.  W.  H.  where  gas  is  at  $1.50  per 
1000  feet;  at  2.83  cents  per  K.  W.  H. 
where  gas  is  at  $1.25  per  1000  feet;  at 
2.27  cents  per  K.  W.  H.  where  gas  is 
at  $1  per  1000  feet. 

The  above  is,  I  believe,  as  fair  a 
comparison  as  can  be  made  where  ex- 
act comparisons  cannot  well  be  se- 
cured. The  results  above  quoted  have 
been  checked  by  records  made  in  the 
same  family  alternately  using  gas  and 
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electricity  each  week  for  considerable 
periods  in  a  number  of  cases,  and 
from  a  variety  of  records  obtained 
otherwise.  It  is  assumed  that  suit- 
able equipments  both  of  electric  and 
gas  appliances  are  used. 

It  is  a  fair  statement  that  in  a  family 
of  four  or  more,  with  a  suitable  equip- 
ment and  ordinary  care,  it  will  require 
from  one  to  one  and  a  half  kilowatt- 
hours  per  day  per  person.  Taking 
the  higher  value,  this  at  three  cents 
per  kilowatt-hour  is  four  and  one-half 
cents  per  day  or  $1.35  per  month  per 
person,  and  for  a  family  of  four  equals 
eighteen  cents  per  day  or  $5.40  per 
month;  at  five  cents  per  K.  W.  H.  it  is 
seven  and  one-half  cents  per  day  or 
$2.25  per  month  per  person,  and  for 
four,  thirty  cents  per  day  or  $9  per 
month.  If  economy  is  practiced, 
these  amounts,  at  the  respective  rates, 
can  be  reduced  about  one-third.  Our 
recorded  data  show  an  average  of 
about  20  per  cent,  less  than  the  high- 
est value  quoted. 

As  far  back  as  1897,  Prof.  John  P. 
Jackson,  at  Philadelphia,  using  much 
less  efficient  apparatus  for  many  op- 
erations than  is  now  supplied,  record- 
ed carefully  all  current  required  for  all 
cooking  for  a  family  of  six,  and  the 
average  was  830  watts  per  day  per 
person. 

Prof.  Jackson  kept  accurate  ac- 
count and  the  operator  undoubtedly 
used  greater  care  than  can  be  expect- 
ed in  general  practice,  but  his  appara- 
tus was  less  effective  than  that  which 
is  available  to-day,  and  it  should  also 
be  mentioned  that  the  value  stated  in- 
cludes that  required  for  the  hot  water 
for  washing  the  dishes.  It  is  a  fair 
statement  that  where  care  and  intelli- 
gence are  applied,  for  a  family  of  four 
the  cost  need  not  exceed  $4  per  month 
at  a  three-cent  rate,  or  $6  per  month 
at  rate  of  five  cents  per  K.  W.  H. 

It  must  be  understood  that  the 
above  costs  do  not  include  heating 
water  for  the  bath  or  laundry  pur- 
poses. If  they  did,  we  could  give  even 
coal  a  close  race  at  summer  rates. for 
current.  Indeed,  for  cooking  most 
meals,  electricity  at  three  cents  per 
K.  W.  H.  is  close  to  and  sometimes 
less  than  the  cost  for  coal  if  no  other 
use  is  made  of  the  fire,  but  here  we 
find  the  hot  water  supply  is  inciden- 
tally cared  for. 

While  it  is  clear  that  low  rates  are 
necessary  to  popularize  electric  cook- 
ing generally,  it  is  a  wide  field  at 
higher  cost  than  its  competitor,  gas, 
and  for  the  same  reasons  that  gas  has 
had  such  generous  recognition,  al- 
though it  costs  more  than  coal. 

In  the  households  of  those  whose 
work  is  all  in  the  hands  of  servants, 
the  advantages  of  electric  cooking  will 
not  appeal,  because  economy  is  not 


the  rule.  Existing  methods  give  sat- 
isfactory results  and  the  details  of 
method  are  of  no  interest.  In  houses 
where  the  work  is  in  the  hands  of  the 
ignorant  "help/'  there  is  not  a  good 
field  to-day,  but  in  the  home  where 
the  mistress  is  the  cook,  entirely,  or 
in  part,  and  in  small  homes  in  subur- 
ban towns  and  the  smaller  cities,  the 
field  is  wider. 

The  apartment  house  kitciien,  sup- 
plied with  hot  water  from  a  central 
source,  affords  a  fine  opportunity  for 
electric  cooking.  The  freedom  from 
heat,  offensive  products  of  combus- 
tion, and  leaky  valves;  the  inevitable 
soot,  dirt,  and  chance  explosions  inci- 
dent to  gas,  and  the  absence  of  all 
cooking  devices  between  periods  of 
use,  owing  to  the  portability  of  elec- 
tric heaters,  are  tangible  advantages 
in  addition  to  the  more  perfect  results 
obtained  when  you  can  cook  by  the 
clock,  not  by  guess. 

In  thousands  of  homes,  gas  is  used 
as  an  auxiliary  to  the  coal  range,  for 


independent  of  one  another,  separate- 
ly controlled,  having  fixed  tempera- 
ture limits  so  that  successive  opera- 
tions may  be  performed  under  exactly 
the  same  conditions,  all  operating 
with  no  measurable  effect  on  the  room 
temperature,  constitute  in  brief  the 
electrical  method.  When  it  is  realized 
that  the  principal  reason  for  the  failure 
of  the  cook  to  reproduce  her  best  re- 
sults is  because  the  heat  supply  fluctu- 
ates between  such  wide  limits,  due  to 
improper  care,  we  can  see  what  op- 
position we  shall  meet  from  the  doc- 
tors when  they  realize  this  personal 
equation  is  being  eliminated  from 
cooking  operations.  Exact  methods 
are  the  only  ones  that  will  yield  uni- 
form results.  Imagine  a  central  sta- 
tion service  with  the  boilers  controlled 
in  the  manner  of  the  average  kitchen 
range.  In  arranging  electric  cooking 
apparatus,  we  have  departed  from  the 
convential  form  of  fuel  stove  or  gas 
ranges,  because  electric  heat  permits 
of  more  convenient  arrangement,  and 
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some  of  the  lighter  meals  at  all  sea- 
sons, and  for  much  of  the  general 
cooking  in  summer,  when  the  range  is 
not  required  to  be  put  in  commission 
for  other  purposes.  For  all  such  pur- 
poses, electric  cooking  is  not  only 
possible,  but  more  attractive  and  sat- 
isfactory, all  things  considered,  than 
any  other  method. 

While  it  may  require  slightly  more 
instruction  at  first  to  get  the  best  re- 
sults with  electric  apparatus,  because 
of  greater  general  familiarity  with  the 
use  of  gas  for  such  work,  yet  after  a 
brief  acquaintance  the  certain  results 
which  follow  in  a  given  time  with  the 
current  on,  or  with  a  given  position  of 
the  regulating  switch,  become  known, 
and  the  clock  is  depended  on.  That 
this  is  the  ideal  method  is  apparent 
from  a  very  brief  investigation.  To 
simply  turn  a  switch,  and  have,  with- 
out flame  or  any  visible  effect,  the 
broiler,  stove,  griddle,  waffle-iron,  or 
oven,  change  its  temperature  from 
that  of  the  room  to  the  point  neces- 
sary for  perfect  cooking  in  from  two 
to  five  minutes,  savors  of  magic. 

A  variety  of  cooking  devices,  each 
perfectly  adapted  to  its  work,  entirely 


an  electrical  outfit  can  be  extended  to 
meet  increasing  demands  without  af- 
fecting the  usefulness  or  efficiency  of 
the  original  equipment.  A  panel  board 
on  the  wall,  with  a  number  of  plug 
switch  receptacles  and  an  ordinary 
kitchen  table  constitute  all  the  neces- 
sary fixtures,  the  heat  devices  consist- 
ing of  ovens,  disc-heaters  or  stoves. 
Broilers,  griddles  or  the  two  in  com- 
bination, waffle  irons  and  water  heat- 
ers, all  of  which  are  light  and  portable, 
permit  the  selection  of  a  more  or  less 
elaborate  outfit  for  a  family  of  four, 
which  on  occasion  may  be  expanded 
to  meet  the  requirements  of  ten  times 
that  number  without  changing  the 
effective  value  of  the  first  selection. 
One  can  start  with  one  or  two  articles 
and  gradually  add  to  the  equipment 
as  may  be  desired. 

All  cooking  utensils  for  the  kitchen 
are  preferably  made  without  heaters, 
so  that  a  variety  of  different  operations 
may  be  used  on  a  single  heater.  More 
utensils  than  heaters  are  always  neces- 
say  for  general  cooking,  and  vessels 
without  heaters  are  much  lighter,  more 
convenient,  more  easily  cleaned  and  of 
course  cheaper. 
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In  all  cases,  utensils  made  specially 
for  electric  stoves  should  be  used  with 
them,  as  they  are  designed  to  fit  and 
temporarily  become  a  part  of  them 
while  in  position.  Dissatisfaction  with 
disc  heaters  is  the  result  of  operating 
them  with  improper  vessels.     Besides 


pressure  boilers  connected  to  the  water- 
mains  containing  heaters  of  smaller 
capacity,  which  are  arranged  with  sub- 
divisions of  heat;  these  may  be  kept 
on  continuously  at  low  heat,  and  at  low 
rates  they  are  not  prohibitive. 

Small  heaters  for  washstands  that 


AN   ELECTRIC  RADIATOR 


the  above,  there  is  a  demand  in  resi- 
dences for  electric  plate  warmers,  elec- 
tric water  heaters  for  bath  rooms 
laundry  irons  and  electric  radiators. 

Electric  plate  warmers  are  usually 
placed  in  the  pantry  and  supply  a  want 
but  imperfectly  met  heretofore.  They 
are  not  expensive  to  operate  for  those 
who  demand  them,  and  they  should  be 
suggested  when  arrangements  are 
made  for  installing  wires.  The  large 
heat  capacity  for  water  makes  heating 
it  by  electric  heat  in  quantity  expen- 
sive ;  yet  for  bath  rooms  it  is  becoming 
more  and  more  in  demand.  Five  gal- 
lons of  water  heated  to  190  degrees, 
when  added  to  ten  gallons  of  water  at 
hydrant  temperature  in  a  small  bath 
tub,  will  provide  one  with  a  warm 
bath,  while  eight  gallons  at  190  de- 
grees, added  to  fifteen  gallons  at  the 
hydrant  temperature,  would  be  more 
desirable. 

The  former  would  require  1750 
watt-hours,  which  at  5  cents  per  K.  W. 
H.  is  about  9  cents,  and  the  latter 
2800  watt-hours,  costing,  at  the  same 
rate,  fourteen  cents.  This  cost  is  not 
excessive,  but  it  means  heaters  of  1750 
and  2800  watts  capacity,  respectively, 
which  must  be  turned  on  an  hour  be- 
fore the  water  is  needed.  If  the  work 
is  to  be  done  quicker,  then  correspond- 
ingly larger  heaters  and  service  wires 
are  necessary.     We  frequently  supply 


may  be  connected  to  the  supply  pipe 
are  being  developed,  but  for  such  use 
a  small  cup  that  will  quickly  heat  to 
the  boiling  point  a  pint  of  water  (re- 
quiring for  this  about  850  watts  for 


three  minutes)   is  useful,  and  current 
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family  requiring  but  one  iron  will  need 
a  size  using  about  500  watts,  and  it 
will  be  in  demand  from  five  to  ten 
hours  per  week,  according  to  the  size 
of  the  family.  This  means  from  2500 
to  5000  watt-hours  per  week.  In  many 
families,  the  larger  portion  of  this 
work  is  sent  out,  leaving  even  less  to 
be  done  at  home,  and  of  course  less 
weekly  use  of  the  iron. 

The  advantages  of  the  electric  iron 
are  conspicuous.  The  temperature  of 
the  room  is  normal,  and  that  of  the 
iron  uniform ;  it  requires  no  cleaning, 
no  time  is  wasted  going  from  the  stove, 
and  every  rub  counts.  In  the  house 
of  the  man  of  moderate  means,  as  with 
electric  cooking,  it  is  most  used  in  hot 
weather,  but  if  encouraged  by  low 
rates  it  becomes  a  habit.  In  the  homes 
where  one  or  more  servants  are  regu- 
larly employed  in  the  laundry,  much 
attention  is  paid  to  its  sanitary  condi- 
tion, and  there  electric  irons  are  rapid- 
ly becoming  essentials. 

Radiators  are  in  demand  and  are 
used  to  advantage,  but  it  is  not  possi- 
ble to  do  usual  office  or  house  heating 
unless  current  may  be  obtained  at  ex- 
ceptionally low  rates.  An  application 
that  is  reasonable  is  the  use  of  one  in 
a  bath  room  for  takingoff  the  chill  dur- 
ing the  morning  bath.  For  such  work 
a  radiator  of  less  than  1500  watt  ca- 
pacity is  not  to  be  recommended ;  one 
of  2000  watts  is  better.  The  latter 
operating  for  fifteen  to  twenty  minutes 
will  usually  answer  requirements, 
making  a  total  consumption  of  from 
500  to  800  watt-hours.  There  are 
other  special  conditions  where  they 
are  sometimes  used  to  advantage.    Be- 
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is  not  so  likely  to  be  wasted.  The 
cost  of  heating  water  to  different  tem- 
peratures at  different  rates  is  here 
given,  which  best  tells  what  is  re- 
quired in  current  supply  for  a  given 
result  in  quantity,  temperature  and 
time  as  well. 

The  equipment  of  domestic  laundries 
will  be  found  a  profitable  field.     The 


ing  easily  portable,  they  are  valuable 
about  the  house  for  occasional  use  for 
short  periods. 

For  electric  cooking  and  electric 
laundry  work  in  the  home,  it  is  clear 
that  special  rates,  lower  than  can  be 
made  for  lighting,  be  essential  to 
success.  The  load  being  principally  a 
summer  day  load  makes  special  low 
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rates  possible  and  the  business  desir- 
able. 

One  method  that  has  been  practiced 
is  to  install  a  separate  meter,  making 
no  restrictions  as  to  the  amount  to  be 
used,  thereby  offering  all  possible  en- 
couragement to  the  customer.  An- 
other plan  is  to  use  two-rate  meters. 
Rates  on  either  plan,  in  most  commu- 
nities, may  be  made  with  profit  as  low 
as  five,  and  in  many  cases  as  low  as 
3  cents  per  K.  W.  H.  for  day  service. 

Electric  laundry  and  tailors'  irons 
have  had  the  widest  use  of  any  single 
line  of  electrically  heated  devices,  and 
to-day  offer  the  broadest  single  field 
for  development.  Being  best  known, 
perhaps,  of  all  electric  heating  devices, 
it  is  perhaps  worth  while  to  examine 
them  in  detail,  in  relation  to  the  re- 
quirements and  how  well  the  demands 
are  met. 

The  home  needs  and  how  they  are 
met  has  received  attention.  Hotel  and 
commercial  laundries  demand  irons 
for  constant  and  rapid  work.  In  the 
majority  of  cases  these  are  heated  over 
gas  burners.  The  rooms  are  usually 
small,  and  when  the  gas  stoves  have 
done  their  best,  it  is  a  place  to  avoid ; 
yet  there  we  send  our  linen  to  be 
cleaned. 

The  electric  iron,  while  working,  is 
passed  rapidly  over  damp  and  fre- 
quently wet  fabrics  with  pressure  con- 
stantly applied.  This  treatment  de- 
mands a  rapid  supply  of  heat  for  the 
work  and  for  the  constant  loss  by  radi- 
ation, which,  though  not  a  large  ele- 
ment at  the  normal  working  tempera- 
ture, still  is  a  constant  loss. 

Irons  are  made  with  a  given  gener- 
ator capacity  for  the  different  classes 
of  work,  and  if  they  are  continuously 
employed  in  the  regular  manner  their 
temperature  is  fairly  uniform  and  re- 
sults are  satisfactory.  When  for  any 
reason  the  irons  are  left  with  the  cur- 
rent idle  for  even  five  minutes,  their 
temperature  rises  to  about  double  the 
normal  working-  value,  and  according 
to  their  construction  the  generator  or 
winding  within  the  iron  goes  much 
higher ;  in  fifteen  or  twenty  minutes 
the  temperature  is  still  higher,  which 
submits  the  heater  to  strains  that  final- 
ly become  destructive.  It  is  because 
of  this  treatment  that  until  improve- 
ments were  made  to  enable  them  to 
better  withstand  this  treatment,  the 
product  was  unreliable. 

To-day  it  is  still  difficult  to  construct 
irons  for  rapid  work  that  will  give 
good  service  without  some  arrange- 
ment to  prevent  the  overheating  when 
idle.  One  device  which  accomplishes 
this  operates  automatically  to  reduce 
the  current  supply  whenever  the  iron 
is  placed  on  its  stand,  and  this  inci- 
dentally effects  a  saving  of  25  per  cent 
or  more   during   such   periods.     One 
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other  fault  incident  to  overheating,  not 
confined  to  electric  irons,  is  their  lia- 
bility to  burn  the  garment  on  which 
they  are  first  placed  when  in  this  con- 
dition. Complaint  is  sometimes  made 
about  the  breaking  of  flexible  conduct- 
ors, and  this  is  always  a  serious  fault 
in  improper  installations.  Cords 
should  be  no  longer  than  necessary  to 
permit  the  free  use  of  the  iron.  All 
irons  should  be  provided  with  a  suit- 
able ventilated  stand  and  no  other 
kind. 

The  advantages  of  the  irons  are  con- 
spicious  ;  they  are  also  clean  ;  they  heat 
in  from  four  to  five  minutes  ;  will  oper- 
ate continuously  ;  may  be  kept  at  prac- 
tically uniform  temperature  under  all 
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conditions  of  service,  and  when  con- 
trolled have  long  life,  and  in  the  best 
products,  in  common  with  other  types 
of  electric  heaters,  do  not  change  their 
resistance  with  continued  service. 

The  cost  for  operation  per  hour  va- 
ries with  the  size.  For  the  all-around 
use  for  domestic  requirements  without 
a  regulator,  the  most  efficient  use  from 
500  to  550  watts.  The  regulators  ef- 
fect a  saving  in  such  service  of  from 
15  to  20  per  cent. 

In  laundry  work  in  hotels  and  com- 
mercial laundries,  the  irons  vary  in 
size,  and  their  consumption  is  from 
350  to  600  watts  per  iron,  and  the  reg- 
ulators effect  fully  20  per  cent  in 
saving.  In  clothing  and  similar  man- 
ufacturing establishments,  the  tailors' 
irons  are  larger  and  require  from  600 
to  1000  watts  per  iron ;  the  average  is 
perhaps  750  watts.  Except  where 
electric  irons  are  used,  gas  irons  with 
burners  within  them,  connected  to  the 
supply  with  rubber  tubing,  are  almost 
invariably  used.    They  have  no  end  of 


trouble  with  leaky  tubes,  which  fre- 
quently burn  off,  break  or  slip  off  the 
connection  ;  combustion  is  more  or  less 
imperfect,  and  they  are  dirty.  All  of 
this  makes  a  bad  sanitary  condition 
and  a  constant  source  of  trouble. 

While  many  use  electric  irons,  the 
change  has  barely  begun,  and  the  rea- 
son is  largely  due  to  the  failure  to  se- 
cure attractive  rates  ;  from  3  to  5  cents 
per  K.  W.  H.  is  what  is  necessary  to 
handle  this  class  of  work,  which  in 
many  cases  should  demand  and  secure 
such  rates,  for  they  are  (especially  the 
garment  factories)  customers  entitled 
to  the  central  station's  best  considera- 
tion. 

I  know  of  not  a  single  establishment 
that  ever  adopted  electric  irons  that 
changed  to  other  kinds,  and  I  know  of 
several  considerable  installations  that 
have  continued  their  use  for  more  than 
twelve  years.  With  this  showing,  and 
the  present  improved  product,  there 
is  no  reason  why  this  branch  of  elec- 
tric heating  should  not  develop  im- 
portant additions  to  central  station 
output. 

In  commercial  laundries,  the  heat- 
ing of  iron  rolls  has  been  done  electric- 
ally, and  in  book  binderies  the  electric 
heating  of  presses  and  other  machin 
ery  has  been  carried  out  to  a  consider- 
able extent. 

Some  electric  cooking  can  be  devel- 
oped in  the  use  of  stoves  for  the  noon- 
day meal  for  clerks,  and  when  no  cook- 
ing is  desired,  a  heater  or  two  for 
warming  the  lunches  and  hot  water 
heaters  for  making  tea  can  frequently 
be  placed. 

Book  binderies,  pattern  shops,  fur- 
niture stores  and  many  other  establish- 
ments find  glue  heating  expensive, 
dirty  and  dangerous  with  gas.  Elec- 
tric glue  pots  operate  cheaper  and  are 
entirely  free  from  all  the  objectionable 
features  of  the  others.  There  are  doz- 
ens of  establishments  equipped  with 
twenty  or  more  each,  and  many  hun- 
dreds in  use  in  smaller  groups.  Elec- 
tric sealing-wax  heaters  are  used  by 
jewelers,  banks,  express  companies 
and  others. 

Soldering  irons  have  a  considerable 
field  in  small  shops  and  some  classes 
of  manufacturing.  These  articles 
have  had  limited  durability,  owing  to 
the  necessary  high  temperature  when 
working  effectively.  Because  of  their 
form  they  are  easily  constructed,  but 
not  to  stand  the  severe  duty.  Later 
improvements  in  construction  and  the 
use  of  automatic  temperature  regu- 
lators have  made  them  a  very  satisfac- 
tory product.  Special  rates  are  not 
necessary  except  for  considerable  in- 
stallations, as  the  cost  of  operation  is 
usually  lower  than  for  gas  irons. 

Hot-water  urns  for  barber-shops 
and  bars,  as  well  as  lunch  rooms,  can 
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be  installed.  Doctors'  offices  and  hos- 
pitals require  sterilizers  for  instru- 
ments. 

Manufacturing  establishments  have 
many  applications  of  heat  to  machines 
where  electric  heat  is  frequently  ap- 
plied at  a  saving  in  cost.  With  all 
applications  it  is  important  that  a  re- 
sponsible representee  gains  full 
knowledge  of  the  apparatus,  its  work- 
ings, the  proper  methods  of  installa- 
tion, and  then  sees  that  the  customer  is 
clearly  instructed  in  all  essentials  for 
its  proper  care,  operation  and  mainten- 
ance. Too  much  is  taken  for  granted 
as  to  the  customer's  understanding  in 
this  respect,  which  frequently  develops 
unconscious  abuse,  resulting  in  annoy- 
ance, interruption  of  service  and  fre- 
quently avoidable  expense. 

As  to  the  durability  of  the  appa- 
ratus, it  can  be  asserted  that  the  gen- 
eral product  of  experienced  manufac- 
turers will  give  quite  satisfactory  re- 
sults if  the  above  remarks  as  to  ac- 
quainting customers  with  what  is  nec- 
essary for  fair  treatment  are  duly  ob- 
served. 

Perhaps  a  statement  of  performance 
will  give  a  better  answer  regarding 
durability  than  in  any  other  manner. 
In  the  winter  of  1902-3,  about  a  year 
and  a  half  ago,  the  Natural  Food 
Company  of  Niagara  Falls,  N.  Y.,  be- 
gan the  manufacture  of  a  new  product 
they  call  "Triscuit,"  it  being  a  cracker 
of  shredded  wheat  baked  or  toasted 
by  having  heat  applied  to  both  sides 
at  the  same  time.  The  operation  con- 
sists of  passing  the  product  through  a 
machine  between  two  endless  link 
belts  enclosed  except  at  one  end.  The 
links  of  the  belts  are  electric  stoves, 
and  are  so  arranged  that  the  triscuit 
is  fed  in  and  held  pressed  between  the 
faces  of  two  stoves  throughout  the 
complete  circuit  of  the  machine.  The 
operation  is  continuous.  Each  ma- 
chine has  about  2500  stoves  and  has 
a  product  of  17,500  triscuits  an  hour. 
They  are  operating  about  10,000  of 
these  stoves  and  their  failures  up  to 
date  have  been  less  than  1  per  cent, 
from  all  causes.*  This  is  the  largest 
development  of  electric  cooking  in  the 
world,  and  is  successful  in  every  way, 
the  cost  for  baking,  including  labor, 
being  less  for  the  same  amount  of 
product  of  triscuits  than  for  shredded 
wheat  biscuit,  using  coal. 

When  the  plan  was  presented.  I 
agreed  that  we  could  build  successful 
heaters,  and  that  the  cost  of  operation 
would  be  reasonable.  Results  show 
that  if  power  was  derived  from  steam 
the  statement  would  still  hold  good. 
There  is  no  practical  way  of  baking 
by  applying  heat  uniformily  on  both 


sides  at  once  under  pressure  except  by 
electricity,  and  the  method  has  ad- 
vantages. 

In  conclusion,  I  want  to  refer  to 
some  of  my  previous  statements.  In 
the  comparisons  I  have  made,  I  have 
not  tried  to  make  the  best  nor  the 
worst  possible  case,  but  I  have  stated 
results  developed  in  practice  which  a 
considerable  experience  leads  me  to 
believe  are  results  you  will  derive.  In 
giving  a  basis  of  costs,  I  am  confident 
experience  will  show  they  are  fairly 
stated. 

Central  station  managers  should 
gain  personal  knowledge  of  electric 
cooking  from  installations  in  their 
own  homes,  and  accept  the  manufac- 
turer's advice  in  the  selection  of  the 
outfit.  They  should  do  this  also  with 
other  articles  of  domestic  use  as  far 
as  possible. 

I  have  shown  that  for  cooking, 
especially  low  rates  must  be  made. 
That  in  many  cases  these  rates  can  be 
made  is  a  reasonable  claim.  The  load 
is  an  added  day  load,  and  largely  a 
summer  load.  It  is  added  in  most 
cases  to  idle  transformers,  to  idle 
lines,  and  to  running  machinery, 
which  in  most  cases  is  likely  to  be  op- 
erating at  low  efficiency.  For  a  con- 
siderable additional  load,  it  means  in 
many  stations  an  addition  for  cost  of 
coal  only,  and  in  many  instances  it 
will  be  less  for  this  addition  than  your 
present  cost  per  K.  W.  for  this  item. 

Until  electric  competition  devel- 
oped, gas  companies  made  no  prog- 
ress with  heating.  They  maintained 
high  rates  and  limited  outputs,  never 
realizing  the  splendid  chance  for  bene- 
fiting themselves  and  the  public  until 
they  were  literally  kicked  into  it.  The 
stimulant  to  enterprise  is  adversity,  if 
you  do  not  get  too  much  of  it.  Cen- 
tral stations  of  this  country  have  in 
most  cases  experienced  years  of  strug- 
gle to  reach  the  satisfactory  results 
finally  obtained.  With  this  splendid 
record,  and  the  substantial  results  al- 
ready achieved  in  the  new  field,  con- 
sisting of  upwards  of  a  thousand  com- 
plete electric  kitchens,  more  than 
fifty  thousand  smoothing  irons,  and 
the  many  thousand  other  items  which 
I  can  vouch  for  are  in  practical  opera- 
tion, it  needs  no  prophet  to  say  that 
central  stations  will  accept  the  oppor- 
tunity and  get  the  business. 


*  Illustrations  and  additional  particulars  of  this 
plant  appeared  in  "The  Electrical  Age"  for  March, 
1904. 


Wireless  Telephony  at  St.  Louis 

AN  attraction  of  especial  interest 
to  telephone  men  visiting  the 
St.  Louis  Exposition  will  be 
demonstration  of  wireless  telephony 
by  means  of  a  searchlight.  Advant- 
age has  been  taken  of  the  peculiar 
phenomenon  that  when  a  telephone 
circuit  is  superimposed  upon   an  arc 


light  circuit  variations  in  the  tele- 
phone circuit  cause  the  arac  light  to  in- 
crease or  decrease  in  intensity.  By 
means  of  a  proper  reflector,  a  beam 
of  light  is  focused  upon  a  selenium  cell 
which  is  in  circuit  with  a  receiver  and 
a  battery.  The  operation  is  as  fol- 
lows : — Variations  in  the  intensity  of 
the  reflected  beam  of  light  due  to  the 
current  at  the  sending  end,  tend  to 
increase  or  decrease  the  resistance  of 
the  selenium  cell,  which  in  turn  allows 
a  varying  current  to  flow  through  the 
receiver,  and  so  duplicate  the  vibra- 
tions of  the  distant  transmitter. 


Stealing   Telephone  Wires    in  India. 

ACCORDING  to  "The  Electrical 
Review,"  much  annoyance  and 
inconvenience  to  the  telephone 
service  have  been  caused  in  India  by 
natives  who  have  conceived  the  idea 
of  stealing  several  spans  of  copper 
wire  from  the  telephone  line  which 
establishes  communication  between 
Bangalore,  Sivasamudram,  the  Kolar 
gold  fields  and  intervening  stations  on 
the  transmission  line.  The  natives 
have  a  great  liking  for  copper,  since  it 
forms  a  part  of  their  wearing  apparel, 
as  jewelry  for  the  ears,  nose,  toes  and 
arms. 

The  police  have  repeatedly  failed  to 
capture  the  guilty  parties;  so  the  ever 
useful  electrical  remedy  is  now  being 
employed.  From  6.30  P.  M.  until  6 
A.  M.  a  pressure  of  about  1000  volts 
is  employed  on  the  line,  all  telephones 
being  disconnected  therefrom.  If 
telephone  communication  is  desired 
at  any  point  on  the  line,  the  operator 
on  duty  at  the  generating  station  is 
made  aware  of  the  fact  by  means  of 
a  signal  lamp,  which  becomes  extin- 
guished by  the  blowing  of  a  fuse  at 
the  latter  place.  The  person  desiring 
to  talk,  signals  the  operator  at  the 
generating  station  by  short-circuiting 
the  telephone  line,  thus  blowing  the 
fuse  and  extinguishing  the  signal 
lamp.  The  operator  then  disconnects 
the  high  voltage  from  the  telephone 
line  for  the  time  being.  This  may 
seem  to  be  rather  a  drastic  remedy  to 
employ,  but  it  offers  the  only  means 
of  effecting  a  cure  for  all  time. 


Nickel,  which  until  a  few  years  ago 
was  a  comparatively  rare  metal,  is 
now  in  large  demand.  It  is  usually 
found  associated  with  copper  as  an 
ore,  and  is  difficult  to  separate.  The 
ore  is  smelted  to  a  nickel-copper  matte, 
from  which  the  nickel  was  formerly 
obtained  by  electro-deposition;  but 
the  improvement  in  purely  chemical 
processes  has  put  a  stop  to  this  in- 
dustry, and  electrolytic  nickel  is  no 
longer  on  the  market. 


Electric   Railways  in   the   United   States 


Resvilts   of   Fifteen   Years'    Development 


By    LEMUEL    WILLIAM    SERRELL.   M.   E. 


IN  the  early  part  of  1888  only  86 
miles  of  electric  railway  were  in 
operation  in  the  United  States, 
using  about  172  cars.  The  census 
report  for  June  30,  1902,  showed  22,- 
589  miles  of  electric  road,  using  67,199 
cars,  and  requiring  1,298,133  H.  P.  for 
their  operation.  The  number  of  pas- 
sengers carried  during  the  year  was 
nearly  6,000,000,000.  The  total  gross 
earnings  reported  were  $241,584,697, 
and  the  operating  expenses  were 
$139,012,004,  leaving  net  earnings  of 
$102,572,693.  The  total  number  of 
employees  was  138,183,  and  the  wages 
paid  them  amounted  to  $84,636,275, 
or  an  average  of  about  $614  each  per 
annum.  The  above  length  of  line  has 
now  been  increased  to  nearly  26,000 
miles. 

The  original  electric  cars  were  usu- 
ally old  horse  cars  mounted  on  im- 
proved trucks  carrying  electric  motors 
of  about  20  H.  P.  capacity,  having  a 
maximum  speed  of  about  12  miles  per 
hour.  To-day  we  have  not  only  city 
railways,  but  interurban  railways,  op- 
erating on  private  rights  of  way,  car- 
rying passengers,  express,  and  freight 
matter,  equipped  with  cars  that  will 
run  a  mile  a  minute,  and  we  find  some 
of  the  electric  roads  now  putting  on 
sleeping  cars  nearly  60  feet  long,  each 
equipped  with  600  H.  P.  in  electric 
motors,  and  ten  compartments  with 
upper  and  lower  berths  that  fold  up 
during  the  day  time,  and  so  arranged 
that  the  cars  can  be  converted  into 
parlor  cars  having  twenty  chairs  for 
the  day  service. 

This  wonderful  growth  in  such  a 
short  time  has  created  in  the  minds  of 
the  promoter,  the  banker,  the  inves- 
tor, the  citizen,  and  the  politician  the 
idea  that  fortunes  are  easily  made  in 
the  construction  and  operation  of 
electric  railways,  or  such  phenomenal 
results  could  not  have  been  accom- 
plished. Such  results  have  been  a 
temptation  to  both  the  promoter  and 
banker  to  approve  of  over-capitaliza- 
tion, and  in  many  cases  the  investor 
has  already  proved  the  victim.  But 
worse  results  still  have  been  produced 
politically. 

The  uninterested  citizen  has  been 
led  to  believe  that  the  municipal  coun- 


cils have  been  giving  away  the  use  of 
the  highway  without  adequate  com- 
pensation, and  many  corrupt  politi- 
cians have  made  street  railways  pay 
high  for  the  privileges  so  granted. 
The  voice  of  the  public  likewise  has 
compelled  the  municipal  councils  to 
introduce  restrictions  into  the  fran- 
chises asked  for,  which  have  become 
more  and  more  unfair  to  the  railway 
companies,  until  now  franchises  are  so 
burdened  with  conditions  that  the 
construction  of  a  road  has  become  ex- 
ceedingly expensive,  and  the  short 
life  of  the  franchises  are  not  more  than 
sufficient  to  allow  the  companies  to 
get  well  established  before  the  mu- 
nicipalities demand  a  readjustment  of 
everything  regarding  compensation. 

This  rapid  development  of  electric 
railways  is  very  different  from  the  de- 
velopment of  gas  and  water  compa- 
nies, for  we  find  that  the  first  gas 
company  was  built  in  America  in  1816 
in  the  city  of  Philadelphia,  and  the  de- 
velopment of  gas  has  been  quiet  and 
gradual  and  extending  over  many 
years.  Gas  and  water  mains  are  out 
of  sight  in  the  streets,  and  consequent- 
ly have  not  attracted  as  much  atten- 
tion from  municipalities,  and  the 
companies  have  had  a  fairer  chance  to 
live  and  make  a  reasonable  profit 
without  being  burdened  with  too 
many  onerous  restrictions. 

It  is  a  very  serious  question  that 
confronts  the  investor  to  determine 
whether  or  not  it  is  safe  to  buy  street 
railway  securities.  There  is  no  doubt 
that  good  street  railway  securities 
form  the  basis  of  a  very  safe  in- 
vestment, but  over-capitalization  has 
crept  in,  municipal  regulations  and 
conditions  have  become  too  severe, 
the  expense  of  construction  has  been 
increased,  and  in  many  cases  street 
railway  companies  have  not  made 
proper  provision  for  maintenance  of 
track  and  equipment.  Accidents  on 
street  railways  are  about  eight  times 
as  frequent  as  on  steam  railways,  and 
provision  must  be  made  to  settle  the 
claims  for  these  out  of  the  earnings. 

The  report  of  the  Milwaukee  Rail- 
way &  Light  Company  for  1902 
shows  3791  claims  of  all  classes  for 
accidents,  of  which  658  were  settled  at 


a  cost  of  $51,847.  This  company  sets 
aside  4  per  cent,  of  its  gross  receipts 
to  establish  a  reserve  fund  to  pay  for 
accidents,  the  amount  of  this  reserve 
fund  being  about  $100,000  per  annum. 

Labor  troubles  likewise  have  crept 
in  until  strikes  on  street  railways  have 
become  more  numerous  and  danger- 
ous to  life  and  property  than  has  ever 
been  known  in  steam  railway  opera- 
tion, and  the  settlement  of  any  strike 
always  means  a  loss  to  both  sides. 
The  strike  in  Scranton,  Pa.,  several 
years  ago  reduced  the  earnings  of  the 
company  for  the  fiscal  year  nearly 
$300,000. 

It  is  not  the  purpose  of  this  article 
to  be  pessimistic,  but  simply  to  bring 
forward  both  the  good  and  bad  sides 
of  the  situation  for  calm  considera- 
tion. 

It  is  to  be  regretted  that  outside  of 
the  State  of  Massachusetts  inflation 
and  over-capitalization  have  been  too 
freely  indulged  in.  As  an  illustration 
of  this  point,  one  of  the  electric  rail- 
way systems  in  Ohio  shows  that,  due 
to  consolidations,  in  less  than  four 
years'  time  the  indebtedness  was  in- 
creased from  $24,000  to  $44,000  per 
mile,  with  corresponding  increase  in 
capital  stock.  Further,  the  Bureau  of 
Railways  of  Pennsylvania,  in  its  re- 
cent report,  draws  a  comparison  be- 
tween the  electric  railways  in  that 
State  and  the  Pennsylvania  Railroad 
system  east  of  Pittsburg. 

The  total  electric  railway  mileage  is 
given  at  2175  miles,  and  the  total 
Pennsylvania  Railroad  mileage  at 
5787  miles.  The  total  capitalization 
of  electric  roads,  including  operating 
companies  and  leased  lines,  amounts 
to  $100,694,919  funded  debt  and 
$180,499,557  capital  stock,  or  a  total 
capital  account  of  $281,194,476.  The 
funded  debt  of  the  Pennsylvania  Rail- 
road is  given  as  $89,000,000;  its  capi- 
tal stock  as  $203,000,000,  or  about 
$290,000,000  total  capital  account,  or 
about  the  same  as  electric  roads,  while 
the  earnings  of  the  Pennsylvania  Rail- 
road in  one  year  were  $101,329,795, 
against  $29,001,741  for  the  electric,  or 
more  than  three  times  as  great. 

Comparative  figures  have  been 
published  covering  a  period  of  about 
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ten  years  for  the  States  of  Pennsylva- 
nia and  Massachusetts  which  show 
that  in  Pennslyvania  the  capital  stock 
has  increased  500  per  cent.,  debt  has 
increased  about  680  per  cent.,  and  the 
gross  earnings  increased  about  170 
per  cent.,  while  in  Massachusetts 
these  figures  are  129  per  cent.,  225  per 
cent.,  and  136  per  cent.,  respectively. 

It  has  been  argued  that  electric  rail- 
ways can  be  operated  for  a  less  per- 
centage of  their  gross  receipts  than 
steam  railways.  This  is  probably  so, 
as  the  wear  and  tear  on  rails  is  much 
greater  with  locomotives,  due  to  the 
pounding  of  the  reciprocating  parts, 
than  on  electric  roads.  The  method 
of  generating  power  in  electric  cen- 
tral stations  is  far  more  economical 
than  in  locomotives,  while  the  sub- 
station method  of  distributing  power 
to  the  cars  has  made  possible  the  con- 
struction and  operation  of  long-dis- 
tance lines;  but  the  wear  and  tear  on 
the  cars  is  probably  greater  on  electric 
roads  than  on  steam  roads,  owing  to 
the  fact  that  there  are  more  frequent 
stoppages  and  a  great  amount  of  elec- 
tric machinery  on  each  car  to  keep  in 
repair. 

Many  interesting  comparisons  have 
appeared  from  time  to  time  giving  the 
earnings  of  electric  railways,  as  com- 
pared with  steam  railways. 

The  Interstate  Commerce  Commis- 
sion examined  into  this  matter  a 
short  time  ago,  and  reported  that  the 
average  operating  expenses  of  steam 
roads  in  the  United  States  are  64.6 
per  cent,  of  the  gross  earnings,  while 
those  of  interurban  electric  lines  are 
only  54  per  cent.  A  number  of  indi- 
vidual cases  are  likewise  cited  which 
give  this  same  ratio  for  electric  lines 
competing  with  steam  railways,  and 
show  that  electric  roads  are  operated 
from  10  to  15  per  cent,  cheaper  than 
competing  steam  lines.  These  fig- 
ures apply  to  passenger  traffic,  while 
interurban  electric  roads  handling 
baggage,  express  matter  and  freight 
are  reported  as  handling  this  for  about 
21  per  cent,  of  the  gross  receipts. 
The  average  gross  receipts  for  elec- 
tric roads  reporting  freight  and  ex- 
press earnings  are  about  $650  per 
mile  of  track  per  annum  from  both  of 
these  sources. 

It  must  be  remembered,  however, 
that  the  interurban  roads  referred  to 
do  not  run  parallel  with  steam  roads 
for  any  great  distance.  Still,  in  many 
cases  the  distance  has  been  sufficient- 
ly great  and  the  loss  to  the  steam 
roads  has  been  sufficiently  large  to 
make  the  latter  roads  endeavor  to  re- 
cover, through  rate  wars,  the  travel 
they  have  lost,  and  the  curious  conse- 
quences of  such  rate  wars  have  been 
frequently  disastrous  to  the  steam 
railway  through  the  loss  of  both  pas- 


senger and  local  freight  business  as 
well.  It  must  be  remembered  that 
the  usual  rates  charged  for  passengers 
on  steam  railways  average  fully  2 
cents  per  mile,  while  the  rates  on  the 
electric  road  average  about  i|  cents 
per  mile,  which  means  that  steam 
railways  must  cut  their  passenger 
rates  in  half  to  meet  the  normal  rates 
charged  by  the  electric  roads,  with  the 
advantage  in  favor  of  the  electric 
roads  as  affording  the  most  desirable 
method  of  traveling. 

The  average  earnings  from  passen- 
ger travel  on  steam  roads  vary 
greatly,  those  of  the  New  York,  New 
Haven  &  Hartford  Railroad  being 
probably  the  greatest,  at  $10,400  per 
mile.  The  New  York  Central  earns 
about  $7000  per  mile,  the  New  Jersey 
Central  about  $4000  per  mile,  the 
Norfolk  &  Western  $1400  per  mile, 
the  Illinois  Central  about  $1900  per 
mile,  and  the  Southern  Railway  about 
$1400  per  mile.  It  is,  therefore,  rea- 
sonable to  assume  that  the  average 
passenger  earnings  of  steam  railroads 
throughout  the  country  do  not  exceed 
$2500  per  mile,  as  compared  with 
about  $3800  on  interurban  electric 
roads,  some  of  which  latter,  however, 
are  reported  as  being  as  high  as 
$5500  per  mile. 

It  must  be  remembered  that  the 
electric  railway,  both  city  and  inter- 
urban, has  come  to  stay;  its  develop- 
ment, however,  has  been  so  rapid  that 
a  tendency  to  overbuild  has  been  cre- 
ated. Inflation  in  its  securities  has 
undoubtedly  taken  place  even  when 
the  construction  has  been  accom- 
plished at  an  increased  cost.  The 
probabilities  are  that  many  railways 
have  not  made  ample  provision  for 
maintenance,  and  there  is  no  doubt 
that  the  high  speed  with  which  the 
cars  are  operated  over  highways 
makes  danger  from  accidents  very 
great. 

Where  such  conditions  exist,  some 
reorganizations  must  necessarily  fol- 
low, and  the  history  of  steam  railway 
reorganizations,  must  repeat  itself  to 
some  extent  with  electric  roads  before 
they  can  be  put  on  a  permanently 
sound  basis.  On  the  other  hand,  it 
must  likewise  be  remembered  that 
electric  railways  are  usually  built 
through  territories  containing  a  dense 
population,  that  the  service  is  fre- 
quent, and  that  increased  opportuni- 
ties for  travel  induce  a  desire  to  travel. 
The  tendency  of  the  people  is  to  use 
cheap  methods  of  transportation,  both 
for  business  and  pleasure,  and  to  this 
extent  electric  railways  are  the  means 
of  increasing  both  business  and  social 
intercourse. 

Further,  electric  railways  can  prob- 
ably be  operated  as.  cheaply,  if  not 
more   cheaply,   than   steam    railways, 


while  the  earnings  per  mile  from  pas- 
sengers are  usually  greater  than  on 
steam  railways.  Investors  should, 
therefore,  use  the  same  caution  in 
purchasing  street  railway  securities 
that  they  would  in  purchasing  a  horse 
or  a  piece  of  real  estate.  Make  sure 
that  the  title  is  sound,  that  the  prop- 
erty has  been  conservatively  organ- 
ized and  is  being  conservatively  man- 
aged, and  that  the  territory  is  suffi- 
ciently populous  to  make  the  road 
pay.  Always  keep  in  mind  the  fact 
that  each  car  must  carry  about  three 
passengers  at  5  cents  each  for  each 
mile  the  car  runs  in  order  to  pay  the 
expenses  of  operating  the  car. 


The    Association    of    Railway 
Telegraph  Superintendents 

Twenty-third   Annual    Meeting. 

THE  twenty-third  annual  meeting 
of  the  Association  of  Railway 
Telegraph  Superintendents 
was  held  at  Indianapolis,  Ind.,  on 
June  15  and  16,  and  many  papers 
bearing  on  the  general  subject  of  the 
railway  telegraph  service  were  read 
and  discussed.  Mr.  A.  J.  Francis, 
railroad  agent  of  the  Chicago  Tele- 
phone Company,  read  a  paper  on 
"The  Telephone  in  Railroad  Ser- 
vice," which  showed  the  utility  of  the 
telephone  in  giving  the  public  quick 
information  relative  to  rates  for  pas- 
senger and  freight  traffic. 

Mr.  J.  H.  Jacoby,  superintendent  of 
telegraphs  of  the  Lehigh  Valley  Rail- 
road, presented  a  paper  on  "The 
Telegraph  Service  of  To-day."  This 
paper  dealt  with  the  changed  condi- 
tions of  the  telegraph  operators  of  to- 
day compared  with  those  of  fifteen  or 
twenty  years  ago,  and  pointed  out  the 
difficulties  in  the  way  of  obtaining  a 
superior  class  of  employees  for  the 
service. 

Fifteen  or  twenty  years  ago  the 
position  of  a  telegraph  operator  was 
eagerly  sought  after,  but  of  recent 
years  the  shorter  hours  and  better  pay 
in  other  lines  of  work,  together  with 
the  fact  that  the  more  important  of- 
fices in  the  railroad  telegraph  service 
are  not  open  to  the  operator  until  he 
reaches  the  age  of  21  years,  militate 
against  a  desirable  class  of  young 
men  entering  the  service.  Mr.  Jacoby 
did  not  offer  a  solution  of  the  diffi- 
culty. This  paper  was  not  discussed 
in  open  session. 

A  paper  by  Mr.  F.  G.  Sherman, 
Jersey  City,  N.  J.,  superintendent  of 
the  Central  Railroad  of  New  Jersey, 
on  "The  Economical  Use  of  the  Com- 
mercial Telegraph  by  Holders  of 
Franks  Issued  on  Account  of  Rail- 
road Contracts,"  evoked  considerable 
discussion.  Under  the  arrangement 
between  many  of  the  railroads  and  the 
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commercial  telegraph  companies,  a 
certain  number  of  messages  are  sent 
free  by  the  telegraph  companies,  but 
the  excess  over  this  number  is 
charged  for  at  a  nominal  rate.  In  the 
aggregate,  however,  this  excess  fre- 
quently amounts  to  a  large  sum  per 
annum.  It  was  contended  that  the 
bulk  of  the  excess  messages  was  un- 
necessary and  could  better  be  sent  as 
letters  by  mail.  The  appointment  of 
a  censor  of  such  messages  was  recom- 
mended, and  instances  were  cited 
showing  that  such  a  censorship  had 
resulted  in  reducing  the  charges  for 
excess  messages  from  over  $5000  per 
annum  to  less  than  $100,  without  the 
slightest  detriment  to  the  railroad 
service. 

An  interesting  paper  was  read  by 
Mr.  J.  B.  Taltavall,  of  New  York,  on 
"The  Telegraph  Operator  in  the  Tele- 
graph Service."  The  report  of  a 
committee  appointed  in  1903  to  in- 
vestigate the  various  telephone  sys- 
tems in  operation  on  railroad  tele- 
graph lines,  was  presented  by  the 
chairman  of  the  committee,  Mr.  E.  P. 
Griffith,  telegraph  superintendent  of 
the  Erie  Railroad.  These  systems,  as 
the  name  indicates,  consist  of  super- 
posing telephone  upon  telegraph  cir- 
cuits, following  the  plan  of  C..F.  Var- 
ley  and  Van  Rysselberghe  for  gradu- 


ating the  rise  and  fall  of  the  telegraph 
currents  by  means  of  inductance  coils 
so  that  they  will  not  affect  the  tele- 
phone system. 

The  report  showed  that  for  dis- 
tances up  to  about  150  miles  and 
under  favorable  conditions  as  regards 
induction  effects  from  parallel  tele- 
graph circuits,  satisfactory  results 
were  being  obtained.  One  of  the 
chief  obstacles  in  the  way  of  success- 
ful telephony  appears  to  be  the  diffi- 
culty of  obtaining  a  thoroughly 
reliable  "ringing-up"  device  that  will 
not  interfere  with  the  telegraph  ser- 
vice. This  report  brought  out  con- 
siderable discussion,  several  of  the 
members  present  stating  that  they 
were  operating-  two  Morse  duplex  cir- 
cuits and  a  telephone  circuit  on  two 
wires,  with  success,  over  a  distance  of 
150  miles. 

During  the  discussion  Mr.  Adams 
Randall,  of  New  York,  was  requested 
to  give  a  description  of  his  multiple 
telephone  transmitter,  by  means  of 
which  he  is  able  to  employ  electromo- 
tive forces  of  over  40  volts  in  the 
transmitter,  with  the  result  that  he 
can  reduce  the  sensitiveness  of  the  re- 
ceiver to  a  point  where  it  is  not  re- 
sponsive to  induction  effects  from 
parallel  circuits,  but  yet  is  responsive 
to  the  talking  current. 


Mr.  William  Maver,  jr.,  presented 
a  paper  on  "Recent  Developments  in 
Wireless  Telegraphy."  Mr.  Charles 
Selden,  telegraph  superintendent  of 
the  Baltimore  &  Ohio  Railroad,  gave 
a  talk  on  the  methods  of  personal  in- 
spection of  telegraph  stations  and  sig- 
naling towers  employed  by  his  com- 
pany whereby  large  economies  are 
effected  in  the  operation  of  these  sys- 
tems. 

Mr.  C.  W.  Hope,  of  the  Chicago, 
Minneapolis  &  Omaha  Railway,  St. 
Paul,  Minn.,  was  elected  president  of 
the  association  for  the  ensuing  year. 
Mr.  E.  E.  Torrey,  of  the  Mobile  & 
Ohio  Railroad,  was  elected  vice-presi- 
dent; Mr.  P.  W.  Drew,  of  Milwaukee, 
Wis.,  was  re-elected  secretary  and 
treasurer. 

It  was  decided  to  hold  the  next 
annual  convention  in  Chattanooga, 
Tenn.  The  meeting  was  one  of  the 
most  interesting  in  the  history  of  the 
association,  both  as  regards  attend- 
ance and  the  importance  of  the  sub- 
jects presented  and  discussed.  After 
adjournment  the  convention  was  ten- 
dered a  dinner  by  the  Central  Union 
Telephone  Company,  at  the  Columbia 
Club,  Indianapolis,  Ind.  The  ma- 
jority of  the  members  of  the  associa- 
tion afterwards  left  by  midnight  train 
for  the  World's  Fair  at  St.  Louis. 


The  Most  Economical  Amount  of  Feed  Wire  for 

an   Electric   Railroad 


By   C.  E.  F.  AHLM 


IN  the  February  issue  of  The  Elec- 
trical Age,  appeared  a  very  in- 
teresting article,  written  by  Mr. 
L.  W.  Serrell,  and  entitled  as  above. 
The  graphical  method  employed  is  ex- 
tremely neat  and  useful,  but  should 
have  been  carried  out  further  in  order 
to  arrive  at  the  desired  end,  viz.,  ''the 
most  economical  amount  of  feed 
wire."  The  results  obtained  give  us 
the  most  economical  cross-section  of 
feed  wire  for  a  drop  of  10  per  cent., 
when,  maybe,  a  smaller  cable  would 
be  more  economical  if  we  take  into 
consideration  interest,  maintenance 
and  depreciation  of  the  same,  even  if 
we  thereby  would  increase  the  drop 
and  accordingly,  also,  the  watt  loss 
in  the  feeder. 

In  the  following,  the  writer  will 
briefly  outline  his  method  of  graphic- 
ally applying  Lord  Kelvin's  law,  be- 
lieving that  it  will  be  of  some  interest 


to  others,  as  it  has  the  advantage  of 
being  generally  applicable  to  any  case 
of  power  distribution,  and  still  further 
has  the  great  advantage  of  not  being 
limited  to  the  cost  of  bare  copper  per 
pound,  but  may  include  the  cost 
of  the  insulated  cable,  as  well  as 
the  cost  of  different  methods  of  erec- 
tion, etc. 

For  the  purpose  of  demonstration, 
we  will  take  the  case  selected  in  the 
article  mentioned,  having  reproduced 
some  of  the  curves  in  Fig.  1.  Here 
curve  A  represents  the  theoretical 
feeder  for  a  drop  of  10  per  cent.,  and 
the  dotted,  broken  curve,  a,  b,  c;  d, 
the  corresponding  feeder  when  ap- 
plied to  commercial  sizes,  viz.,  10 
miles  of  two  No.  00  B.  &  S.  gauge 
trolley  wires,  8^  miles  of  500,000  C. 
M.  cable,  6-|  miles  of  500,000  C.  M. 
cable,  and  3^  miles  of  300,000  C.  M. 
cable,  all    counted    from    the    power 


house  which  is  situated  at  the  begin- 
ning of  the  road. 

In  order  to  simplify  matters,  we 
may  assume  that  the  track  construc- 
tion is  approved,  or  that  for  other 
reasons  no  change  in  this  is  desirable. 
The  feeder,  however,  might  be 
changed,  and  we  shall,  therefore,  in- 
vestigate conditions  for  a  drop  of  12^ 
per  cent,  in  order  to  demonstrate  our 
method.  Curve  B  is  the  theoretical 
feeder  with  this  drop,  and  the  full 
broken  curve  e,  f,  d  is  the  correspond- 
ing commercial  feeder,  viz.,  10  miles 
of  two  No.  00  B.  &  S.  gauge  trolley 
wires,  8  miles  of  500,000  C.  M.  cable 
and  5.8  miles  of  450,000  C.  M.  cable. 
Feeder  B  being  the  smaller  one  will 
now  cause  a  greater  amount  of  watt 
loss  per  annum  than  the  larger  feeder 
A,  but  the  interest  per  annum  of  the 
latter  will  be  higher  as  will  also  its  rate 
of  interest,  maintenance  and  deprecia- 
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tion.  Accordingly,  if  die  difference  in 
cost  of  the  watt  loss  charged  against 
the  smaller  feeder  B  should  equal  the 
difference  in  rate  of  interest,  etc., 
charged  against  the  larger  feeder  A, 
the  two  feeder  installations  would  be 
equally  economical,  but  if  this  watt 
loss  difference  should  exceed  this  dif- 
ference in  rate  of  interest,  etc.,  the 
larger  feeder,  A,  would  be  more  eco- 
nomical, and  vice  versa.  These  rela- 
tions between  watt  loss  and  interest 
charge  may  most  conveniently  be  rep- 
resented graphically,  as  thereby  not 
only  do  we  gain  a  comprehensive 
view  of  all  the  details  relative  to  our 
problem,  but  we  may  read  the  result 
directly  off  the  chart. 

In  Figs.  2  and  3  are  plotted  the  re- 
sults of  calculations  incident  to  feed- 
ers A  and  B.  The  area  under  curve 
0  represents  the  total  cost  of  the 
watt  loss  per  annum  in  the  commercial 
feeder  B,  assuming  6000  working 
hours  in  the  year,  and  that  the  cost 
of  one  K.  W.  hour  delivered  is  $0.015 ; 
the  area  under  curve  P  is  the  corre- 
sponding watt  loss  cost  per  annum 
for  the  commercial  feeder  A.  The  dif- 
ference between  these  two  areas,  rep- 
resented by  the  shaded  portion,  will 
then  constitute  the  excess  in  expendi- 
ture per  year  necessitated  by  the  use 
of  the  smaller  feeder.  This  shaded 
area  is  reproduced  on  a  larger  scale 
in  Fig.  3,  and  is  there  represented  by 
the  area  under  the  dotted  curve  M. 
In  the  same  figure  the  area  under 
curve  K  is  plotted  to  represent  the 
difference  in  interest,  maintenance  and 
depreciation  per  annum  between  feed- 
ers A  and  B,  taking  as  the  cost  per 
mile  of  500,000  C.  M.  cable  to  be 
$2600,  the  450,000  C.  M.  cable  to  be 
$2450.  the  300,000  C.  M.  cable  to 
be  $1700,  and  the  No.  00  trolley  wire 
to  be  $300.  Further,  it  is  here  as- 
sumed that  the  amount  for  interest, 
maintenance  and  depreciation  will  be 
10  per  cent,  of  the  capital  expended. 

We  have  here  considered  only  cer- 
tain cost  for  cables  alone,  but  we  read- 
ily see  that  this  cost  might  also  in- 
clude other  initial  expenditures  inci- 
dent to  the  feeder  installation,  and  for 
the  sake  of  generalization,  we  may 
consider  that  such  is  the  case  here. 
Also,  this  method  of  plotting  would 
enable  us  to  use  a  variable  interest 
charge  if  the  problem  at  hand  should 
warrant  it. 

The  difference,  curve  K,  is  more 
easily  plotted  directly  as  has  been  done 
here  than  by  arriving  at  it  by  the  same 
procedure  by  which  the  curve  M  was 
obtained  from  curves  0  and  P.  The 
difference  between  these  two  areas 
under  K  and  M  will  now  finally  de- 
cide which  feeder  is  the  more  eco- 
nomical one  under  the  conditions  as- 
sumed.    The  line  L  has  been  drawn 


in  such  a  position  that  the  area  en- 
closed by  it  and  the  base  line  is  equal 
to  the  area  under  curve  K;  similarly, 
the  area  enclosed  by  the  line  N  and 
the  base  line  equals  the  area  under 
curve  M;  these  two  areas  represent 
$994  and  $344.30,  respectively,  and 
the  difference  between  the  two,  or  the 
shaded  portion,  equal  to  $649.70,  rep- 
resents the  saving  in  favor  of  the 
smaller  feeder,  B. 

The  top  curves  in  Fig.  1  represent 
resistances  and  voltage  drops  for  the 
two  feeder  installations.  Curve  C 
gives  the  assumed  rail  resistance,  and 
curves  D  and  H  represent  resistances 
of  feeder  and  of  feeder  and  rails  re- 
spectively, and  with  reference  to 
feeder  installation  A. 

The  curves  E  and  /  give  the  corres- 
ponding relations  with  reference  to 
feeder  B.  Curves  F  and  G  give  the 
voltage  at  the  cars  for  the  two  feed- 
ers. A  and  B,  respectively,  and  with 
a  load  of  60  amperes. 

By  plotting  several  curves  under 
different  assumed  conditions  of  volt- 
age drop,  etc.,  the  most  economical 
and  also  the  one  for  the  purpose  best 
suitable,  feeder  installation  may  be 
selected. 

The  method  briefly  outlined  above 
is  generally  applicable  to  all  condi- 
tions, and  is  in  principle  Lord  Kel- 
vin's law,  generalized  and  graphic- 
allv  treated. 


Moving  Pictures  of  Manufacturing 
Scenes 

THE  different  Westinghouse 
Companies  in  the  Pittsburg 
district,  which  have  united 
with  the  other  Westinghouse  interests 
in  the  United  States  and  Europe,  in 
representation  at  the  St.  Louis  Fair, 
under  the  title  of  the  Westinghouse 
Companies  at  the  Louisiana  Purchase 
Exposition,  recently  gave  a  display 
at  Carnegie  Hall,  Pittsburg,  of  "mov- 
ing pictures"  of  scenes  in  and  about 
the  Westinghouse  works,  which  was 
attended  by  2500  Westinghouse  em- 
ployees. The  pictures  were  taken  for 
exhibition  in  St.  Louis  in  the  private 
Westinghouse  Auditorium  on  the 
fair  grounds,  and  are  interesting  not 
only  as  one  evidence  of  the  active 
preparations  being  made  by  big  ex- 
hibitors for  the  entertaining  of  vis- 
itors to  the  World's  Fair,  but  as  a 
revelation  of  an  important  use  of  the 
Cooper-Hewitt  mercury  vapor  lamps, 
in  connection  with  interior  photog- 
raphy. 

The  whole  secret  of  the  success  at- 
tained in  the  remarkable  photographs 
of  shop  interiors  taken  for  the  West- 
inghouse Companies  is  ascribed  to 
the   possibilities   of  artificial   lighting 


by  means  of  the  Cooper-IIewitt  lamp. 

The  Westinghouse  pictures  are  a 
departure  in  the  moving  picture  field, 
and  will  probably  be  succeeded  by 
similar  pictures  taken  in  all  branches 
of  industry  to  illustrate  to  those  un- 
able to  visit  big  manufacturing  shops 
the  condition  of  activity  prevailing  at 
a  given  time,  the  methods  employed 
in  manufacture  and  the  general  ap- 
pearance of  shop  interiors.  The 
biograph  picture  is  thus  seriously 
brought  into  the  commercial  and  in- 
dustrial world  for  the  first  time. 

Although  the  greater  number  of 
Westinghouse  pictures  are  interiors, 
the  panoramic  scenes  along  the  route 
of  the  Pennsylvania  Railroad  from 
Pittsburg  20  miles  east  to  Stewart 
and  Trafford  City,  with  views  of  sta- 
tions along  the  way  and  of  the  West- 
inghouse works  at  Swissvale,  East 
Pittsburg,  Wilmerding  and  Trafford 
City,  will  be  of  special  interest  to 
Pennsylvanians  at  the  St.  Louis  Ex- 
position. To  secure  this  series  a  spe- 
cial train  was  run  for  two  days  back 
and  forth  along  the  Pitcairn  branch. 
Two  other  outdoor  pictures  illustrate 
the  familiar  scenes  at  the  end  of  the 
working  day  at  East  Pittsburg.  One 
film,  six  minutes'  long,  shows  the 
procession  of  employees  from  one  of 
the  large  doors  of  the  works  of  the 
Westinghouse  Electric  &  Manufac- 
turing Company.  This  picture  could 
have  been  made  twice  as  long  if  it  had 
been  desired,  but  only  about  one-half 
of  the  8000  employees  of  this  one 
Westinghouse  industry  are  shown. 
The  second  picture  shows  the  depar- 
ture of  one  of  the  special  Westing- 
house trains  from  the  East  Pittsburg 
station. 

The  interior  views,  however,  of  the 
Westinghouse  display  probably  will 
attract  most  attention  at  St.  Louis. 
Several  of  them  are  mutoscope  pic- 
tures, in  which  the  camera  was  placed 
about  15  feet  above  the  ground,  on  a 
platform  suspended  from  an  electric 
traveling  crane,  and  moved  slowly 
down  along  the  aisle  about  50  feet  in 
the  rear  of  a  Cooper-Hewitt  lamp, 
the  latter  also  suspended  from  a  trav- 
eling crane  moving  at  an  equal  speed. 

So  far  as  possible  in  these  pictures, 
any  sunlight  through  the  glass 
skylights  was  taken  advantage  of, 
but  it  is  not  as  safe  to  depend  very 
much  upon  the  help  of  the  sun  in  a 
picture  which  is  four  or  five  minutes 
in  taking,  as  it  would  be  in  the  case 
of  a  snap-shot,  especially  in  the  Pitts- 
burg district,  where  the  sun  plays 
hide-and-seek  with  the  clouds  and 
smoke  throughout  the  day.  On  the 
first  giant  crane,  with  the  lamps,  was 
mounted  a  500-volt  motor  connected 
to  a  27-K.  W.  generator  of  125  volts, 
direct-current.    The  sixty-four  Coop- 
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er-Hewitt  lamp  tubes  themselves 
were  hung  in  sets  of  eight,  in  eight 
frames,  each  about  5  feet  high,  3  feet 
wide  and  4  inches  deep,  and  fitted 
with  resistance  coils,  each  board  tak- 
ing 35  amperes  at  no  volts,  the  entire 
set  of  lamps  requiring  only  from  30 
to  40  K.  W.,  or  about  one-fifth  the 
energy  consumed  by  the  400  arc 
lamps. 

The  lighting  of  so  long  a  string  of 
lamps  calls  for  some  patience.  They 
are  lighted  one  at  a  time  by  inclining 
the  tubes  forward  to  distribute  the 
mercury  and  then  letting  it  drop  back 
into  place  after  the  first  few  have  been 
started.  The  whole  scene  in  the  im- 
mediate vicinity  is  swathed  in  a  very 
blue,  almost  purple,  light  for  a  few 
minutes,  the  color  gradually  becom- 
ing a  greenish  white  as  the  glow  be- 
comes steady.  The  camera  shutter 
is  very  fast,  15  pictures  to  the  second, 
50  feet  of  film  or  900  pictures  to  the 
minute,  and  the  light  must  be  of  the 
highest  possible  approach  to  a  clear 
sunlight  before  a  successful  series  can 
be  obtained.  In  some  of  the  West- 
inghouse  pictures  the  speed  of  the 
shutter  is  curiously  reflected  in  the 
case  of  large  revolving  parts  of  big 
power  motors  or  generators,  which 
appear  to  be  going  at  speeds  incon- 
sistent, either  too  slow  or  too  fast, 
with  the  action  of  the  rest  of  the  ma- 
chine. The  apparent  speed  of  the 
wheel  depends  altogether  on  the  posi- 
tion of  the  spokes  as  caught  by  the 
lens  in  the  separate  pictures. 

Four  striking  pictures  are  those 
taken  in  the  forges  at  East  Pittsburg 
and  Wilmerding.  Iron  plates  and 
steel  billets,  taken  from  the  furnace  at 
a  white  heat,  are  hammered  into 
shape  in  fast  time,  while  the  sparks 
fly  and  the  forges  fires  blaze  up.  The 
realistic  activity  of  these  pictures  is 
enhanced  in  the  case  of  one  of  them 
by  the  instinct  jar  seen,  almost  felt, 
every  time  the  30-ton  hammer  strikes 
and  flattens  out  several  inches  of  a  10- 
ton  steel  crank-shaft. 

In  all  of  the  pictures,  employees  of 
the  Westinghouse  shops  have  dis- 
played a  very  great  interest.  There 
are  more  than  1000  distinct  likenesses 
of  different  persons,  and  10,000  seats 
could  have  been  filled  at  the  private 
display  if  Carnegie  Hall  had  been  big 
enough  to  hold  them.  The  pictures 
were  received  with  cheers  and  laugh- 
ter as  the  persons  in  them  were  rec- 
ognized, and  the  evening's  entertain- 
ment was  added  to  by  the  display  of 
a  large  number  of  selected  films  made 
by  the  biograph  company  for  theatre 
use,  although  the  Westinghouse  pic- 
tures alone,  if  all  used,  would  occupy 
over  two  full  hours  in  presentation. 

The  titles  of  the  pictures  are  as  fol- 
lows:— The     Westinghouse     Compa- 


nies' special  train  from  Pittsburg,  20 
miles  east  on  the  Pennsylvania  Rail- 
road to  the  Union  Switch  &  Signal 
Company,  Swissvale;  the  Westing- 
house Machine  Company  and  the 
Westinghouse  Electric  &  Manufac- 
turing Company,  East  Pittsburg;  the 
Westinghouse  Air  Brake  Company, 
Wilmerding;  and  the  Westinghouse 
Machine  Company  Foundry,  Trafford 
City. 

Views  at  Westinghouse  Electric  & 
Manufacturing  Company : — 

Welding  10-foot  field  ring — one  of 
five  1500-kilowatt  generators  for 
Pittsburg  Railways  Company. 

Connecting  armature  coils — for 
railwav  motors. 

Winding  field  and  transformer 
coils — for  type  3  motors  and  trans- 
formers. 

Winding  small  coils — for  street  car, 
type  C,  and  type  C  motors. 

Insulating  armature  coils — for  mo- 
tors and  generators. 

The  end  of  the  day — employees 
lifting  pass  checks  to  show  at  doors. 

"Lightning"  Static  Sign,  50,000- 
volt  potential.  On  view  at  Westing- 
house exhibit  in  Palace  of  Electricity. 

Railway  motor  aisle — weekly  out- 
put 20,000  horse-power. 

Two  pictures:  Assembling  and 
testing  one  of  tne  seventy-seven  i50o- 
kilowatt  rotary  converters  made  for 
the  Manhattan  elevated  and  subway 
roads,  New  York  City. 

Panoramic  view — one  of  the  main 
-j-mile  aisles,  devoted  to  the  construc- 
tion of  big  power  types. 

When  the  whistle  blows — Six  min- 
utes' view  of  employees  leaving  one 
of  the  Westinghouse  East  Pittsburg 
works. 

Views  at  Westinghouse  Machine 
Company : — 

Forging  10-ton  steel  crank-shaft— 
for   gas    engine.     "Hold    tight    when 
the  30-ton  hammer  strikes." 

Testing  gas  engine — 250  horse- 
power horizontal  tandem,  double- 
acting  type,  shown  using  natural  gas. 

Testing  steam  engines — standard 
and  compound  single-acting  types. 

Steam  turbine  test — 1500  horse- 
power type  under  brake-load  applied 
by  water  friction. 

Inspecting  and  testing  steam  tur- 
bines— showing  two  of  sixty  600 
horse-power  type  in  operation. 

East  end  of  main  aisle — heavy  ma- 
chine work,  showing  10,000  horse- 
power Westinghouse-Parsons  steam 
turbine  under  construction  near  end 
of  aisle. 

Views  at  Westinghouse  Air  Brake 
Company : — 

Continuous  casting  process — show- 
ing revolving  foundry  table  in  opera- 
tion. 

Brass  foundry — where  many  of  the 


intricate  parts  of  the  air  brake  are 
made. 

Views  at  Westinghouse  Machine 
Company  Foundry: — 

Two  pictures  of  large  casting  pro- 
cesses. 

Railway  Scenes: — 

Boarding  the  train — five-minute 
view  of  train  departure  at  the  close  of 
day  at  East  Pittsburg. 

Safe-guarding  the  traveler — train 
approaching  signal  tower,  showing 
operation  of  automatic  interlocking 
apparatus. 


Wireless  Telegraph  Government 
Board 

PRESIDENT  ROOSEVELT  has 
appointed  Rear  Admiral  Robley 
D.  Evans,  Rear  Admiral  Henry 
N.  Manney,  Brig.-Gen.  A.  W.  Greely, 
Lieut. -Com.  Joseph  L.  Jayne  and 
Prof.  Willis  L.  Moore  as  a  board  to 
consider  the  question  of  wireless 
telegraphy  in  the  service  of  the  Na- 
tional Government. 

While  no  announcement  has  been 
made  as  to  the  work  to  be  done  by 
the  board,  it  is  understood  by  officers 
of  the  army  and  navy  that  it  is  to  de- 
termine what  department  of  the  Gov- 
ernment shall  control  wireless  teleg- 
raphy in  this  country.  The  depart- 
ments interested  are  the  War  Depart- 
ment, Navy  Department,  Weather 
Bureau  and  Department  of  Com- 
merce and  Labor.  Each  of  these 
departments  is  represented  on  the 
board,  and  it  is  expected  that  they  will 
include  a  report  on  the  subject  within 
a  short  time,  which  will  assist  the 
President  in  determining  what  meas- 
ure of  control  the  Government  shall 
have  over  wireless  telegraphy  and 
what  special  department  shall  have 
charge  of  this  work. 

The  board  will  make  a  thorough  in- 
vestigation of  the  subject  with  a  view 
to  the  adoption  by  this  Government 
for  use  by  the  navy  of  the  most  im- 
proved system,  and  at  the  same  time 
for  the  purpose  of  bringing  commer- 
cial companies  under  the  control  and 
direction  of  the  Government  in  time 
of  war. 


Electricity  in  Pennsylvania. 
Coal  Mines 

THOUGH  the  use  of  electricity 
underground  in  gaseous  mines 
is  opposed  by  the  chief  of  the 
Bureau  of  Mines  of  Pennsylvania,  and 
though  district  mine  inspectors  some- 
times refuse  to  sanction  the  installa- 
tion of  electric  motors,  yet  there  has 
been  within  the  past  five  years,  says 
the  "Engineering  and   Mining  Jour- 
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nal,"  a  notable  growth  in  the  use  of 
electricity  at  Pennsylvania  coal  mines, 
and  this  growth  will  undoubtedly  con- 
tinue. 

Two  objections  are  frequently  cited 
to  the  introduction  of  electric  machin- 
ery, namely,  the  lack  of  a  sufficient 
supply  of  labor  competent  to  keep 
such  machinery  in  good  adjustment, 
and  the  difficulty  and  cost  of  repair- 
ing serious  injuries  or  replacing 
broken  parts.  Both  these  objections 
are  losing  force.  Large  coal  mining 
companies  now  have  thoroughly  com- 
petent electrical  engineers  under 
whom  are  employees  that  can  set  up 
a  motor  or  string  wires  properly. 
With  the  steady  increase  in  the  use  of 
electric  motors  for  coal  cutting, 
pumping  and  haulage,  the  ordinary 
miner  is  developing  the  willingness 
and  skill  to  keep  such  equipment  in 
good  condition.  Moreover,  the  cost 
of  repairs  has  been  greatly  reduced  by 
the  practice,  on  the  part  of  large  com- 
panies, of  employing  efficient  repair 
men  and  equipping  the  machine  shop 
with  everything  needed  for  rewinding 
armatures,  trueing  commutators,  and 
the  like. 

Beyond  these  two  objections,  now 
disappearing,  to  the  introduction  or 
wider  use  of  electricity,  there  remain 
only  the  liability  to  fire  from  defective 
insulation  and  the  danger  of  explo- 
sions in  gaseous  workings.  The  last 
objection  is  admittedly  serious,  and 
few  advocates  of  electrical  equipment 
will  advise  the  installation  of  electric 
haulage  for  entries  and  rooms  where 
the  use  of  the  safety  lamp  is  impera- 
tive. On  the  other  hand,  if  ventila- 
tion is  as  good  as  it  should  be,  the 
danger  zone  may  be  limited  and  the 
area  available  for  electric  motors 
becomes  correspondingly  increased. 
The  possibility  of  fire  from  defective 
insulation,  while  admittedly  a  risk,  is 
often  exaggerated.  It  is  probably  a 
less  serious  menace  than  the  ordinary 
miner's  lamp,  which,  in  careless 
hands,  has  started  so  many  mine 
fires. 

The  work  done  by  electric  motors 
at  Pennsylvania  collieries  covers  near- 
ly all  the  operations  of  mining  and 
preparing  coal.  In  the  bituminous 
region  there  are  tipples  where  the 
chain-hauls,  the  crushing  rolls  and 
conveyors  are  driven  by  electric  mo- 
tors, while,  electric  carriers  supply 
blocks  of  coke-ovens.  The  largest 
individual  coal-washing  plant  in  the 
State  is  to  have  an  electric  equipment. 
In  the  anthracite  region  the  Delaware, 
Lackawanna  &  Western  Company 
has  a  small  electrically  equipped 
breaker  in  operation,  and  is  preparing 
to  start  work  on  a  very  large  breaker 
similarly  equipped.  The  Delaware  & 
Hudson  Company  is  to  use  electric 
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motors  in  a  medium-sized  breaker 
near  Wilkesbarre.  Mine  fans  of  large 
capacity  are  now  driven  by  electric 
motors.  When  fans  are  situated  some 
distance  from  a  boiler  plant,  the  econ- 
omy, compared  with  a  steam  line,  is 
considerable,  and  more  fans  would  be 
so  driven  but  for  the  conservatism  of 
mine  inspectors. 

The  use  of  electric  locomotives  un- 
derground, where  conditions  are 
favorable,  is  on  the  increase  in  both 
the  anthracite  and  bituminous  re- 
gions. Several  electric  manufactur- 
ing companies  have  built  locomotives 
with  a  reel  carrying  several  hundred 
feet  of  insulated  cable  by  which  a  lo- 
comotive can  run  up  into  rooms  or 
headings  where  no  trolley  wires  are 
strung.  For  grades  of  from  3  to  20 
per  cent,  an  electrically-propelled 
rack-rail  locomotive  has  given  excel- 
lent results  at  some  mines  in  the 
Clearfield  region,  and  several  manu- 
facturing companies  are  preparing  to 
build  locomotives  of  somewhat  simi- 
lar type. 

Coal-cutting  machines  are  not  used 
in  the  anthracite  region,  though  elec- 
tric drills  for  rock  work  are  being 
given  a  thorough  test  in  the  Scranton 
district.  In  the  bituminous  regions 
electric  undercutting  machines  are  in 
common  use. 

The  use  of  electricity  for  pumping 
calls  for  some  comment,  in  view  of 
the  development  of  the  multi-stage 
centrifugal  pump  for  high  heads. 
At  present  some  large  horizontal 
plunger  pumps  in  the  anthracite  re- 
gion are  electrically  driven;  in  the 
bituminous  regions  triplex  electric 
pumps  are  often  seen.  While  slope 
hoists  electrically  driven  are  fairly 
numerous  in  the  anthracite  region, 
there  are  as  yet  no  mines  in  the  State 
using  electric  hoists  in  the  main 
shafts.  However,  the  great  water- 
hoist  of  the  Delaware,  Lackawanna  & 
Western  Company  near  Scranton  is 
to  be  equipped  with  electric  motors, 
and  will  be  an  advance  over  anything 
in  this  country  or  abroad,  in  view  of 
the  heavy  duty  required. 


Electricity  at  Purdue  University 

THE  thirtieth  annual  commence- 
ment of  Purdue  University,  at 
La  Fayette,  Ind.,  was  held  on 
Wednesday,  June  8.  The  graduating 
class  numbered  187.  Advanced  de- 
grees were  conferred  on  twelve  can- 
didates, and  the  degree  of  Doctor  of 
Engineering  upon  Elwood  Mead, 
class  of  1882,  chief  of  the  Bureau  of 
Irrigation,  Department  of  Agriculture 
of  the  United  States. 

Of  the  graduates  in  electrical  engi- 
neering,   Messrs,    F,    H,    Miller,    F, 


Riebel,  Jr.,  Hartley  Rowe,  F.  H. 
Nealis,  H.  Berthold,  R.  11.  Davidson 
and  L.  J.  Kirby  have  entered  the  em- 
ploy of  the  Westinghouse  Electric  & 
Manufacturing  Company;  J.  G.  An- 
thony, that  of  the  Bullock  Company; 
L.  D.  Waldron,  the  Commercial  Elec- 
tric Company;  R.  G.  Mansfield  and 
M.  E.  Weidner,  the  Stanley  Electric 
Company;  J.  M.  Reynolds,  the  West- 
ern Electric  Company,  New  York;  J. 
R.  Gregory,  W.  J.  Drury  and  C.  E. 
Layton,  the  Western  Electric  Com- 
pany, Chicago;  Clyde  Keirn,  the  Chi- 
cago Edison  Company;  R.  M.  Harris, 
the  electrical  department  at  Purdue 
University;  C.  C.  Bradbury,  the  Un- 
derwriters' Laboratory,  Chicago;  W. 
M.  Hihesley,  the  Dayton  Railway 
Company,  Dayton,  Ohio;  W.  C.  Mar- 
tin, the  Arnold  Electric  &  Power 
Station  Company,  Chicago;  H.  E. 
Smiley,  the  Chesapeake  &  Ohio  Tele- 
phone Company,  Baltimore,  Md.;  A. 
P.  Wood,  the  Fort  Wayne  Electric 
Works,  Fort  Wayne,  Ind.;  C.  E. 
Kailer,  the  Indianapolis  &  North- 
western Traction  Company,  Lebanon, 
Ind.,  and  H.  H.  Arnold,  the  Indian- 
apolis Light  &  Power  Company, 
Indianapolis,   Ind. 


National  Electric    Light  Association 
Membership 

AT  the  twenty-seventh  convention 
of  the  National  Electric  Light 
Association,  held  in  Boston  last 
month,  an  amendment  to  the  constitu- 
tion was  adopted  dividing  the  member- 
ship into  six  classes,  as  follows  : 

Class  A,  Member  Companies  : — Pri- 
vate corporations  or  individuals  en- 
gaged in  the  business  of  producing  and 
supplying  electricity  for  light,  heat  or 
power  for  commercial  or  public  use. 
Entrance  fee,  $25 ;  annual  dues  for 
companies  in  towns  of  less  than  20,000 
population,  $10;  20,000  to  300,000, 
$25  ;  over  300,000,  $50. 

Class  B,  Members  : — Officers  or  em- 
ployees of  member  companies,  elected 
and  continued  from  year  to  year  with 
the  written  consent  of  the  member 
company  with  whom  connected.  En- 
trance fee,  $5  ;  annual  dues,  $5. 

Class  C,  Instructors  and  Teachers 
of  Engineering  and  Related  Sciences  : 
— No  entrance  fee  ;  annual  dues,  $4. 

Class  D,  Associate  Member  Compa- 
nies : — Electricians,  electrical  or  me- 
chanical engineers,  manufacturers, cor- 
porations or  individuals,  who  are  di- 
rectly or  indirectly  interested  in  ad- 
vancing the  interests  of  electricity.. 
Entrance  fee,  $25 ;  annual  dues,  $20. 

Class  E: — Officers  and  employees  of 
Class  D,  elected  and  continued  by  writ- 
ten consent  of  the  Class  D  member 
employer.    Entrance  fee,  $5  ;  dues,  $5. 

Honorarv  members. 


Limitations  of  Long  -  Distance  Electric   Power 

Transmission 


By    PAUL    M.    LINCOLN 


Reprinted    from    the    Electric    Power    Number    of    "Cassier's     Magazine.' 


HOW  far  can  power  be  transmitted 
electrically? 

What  is  the  cost  of  transmit- 
ting electric  power? 

What  per  cent  loss  takes  place  in 
transmission  ? 

These  will  be  recognized  by  any 
electrical  engineer  as  typical  of  the 
questions  that  are  continually  being 
asked  by  the  investor  in  electrical  en- 
terprises, by  the  users  of  electric  power 
and  by  the  interested  layman  in  gen- 
eral. The  writer  has  been  called  upon 
so  often  to  answer  these  questions  verb- 
ally that  a  written  analysis  of  the  ele- 
ments which  enter  into  the  answers  oi 
these  questions  has  occurred  to  him  as 
likely  to  be  acceptable.  No  direct  an- 
swer can  be  given,  as  the  answers  de- 
pend upon  many  and  varied  elements, 
a  change  in  any  one  of  which  may 
change  the  entire  complexion  of  the 
problem.  It  is  the  intention  in  the  fol- 
lowing pages  to  present  briefly  the 
principal  elements  that  enter  to  limit 
the  distance  and  profitableness  of  elec- 
tric transmission.  The  conditions 
forming  the  limits  may  be  roughly  di- 
vided into  two  classes : 

I.  The  limits  as  placed  by  commer- 
cial considerations,  that  is,  the  limits 
beyond  which  electrically  transmitted 
power  ceases  to  return  a  profit. 

II.  The  limits  as  placed  by  engi- 
neering considerations. 

I.— COMMERCIAL  LIMITS 

The  crucial  question  in  any  commer- 
cial enterprise,  and  an  electrical  trans- 
mission scheme  is  always  a  commercial 
enterprise,  is,  will  it  pay?  There  is 
no  real  limit  beyond  which  it  is  impos- 
sible to  deliver  electric  power,  pro- 
vided no  limit  be  put  upon  the  amount 
of  money  to  be  spent.  The  engineer 
could  easily  be  found  who  would  un- 
dertake to  deliver  Niagara  power  in 
South  Africa.  The  difficulty  would  be 
to  find  the  financier  to  put  up  the  nec- 
essary cash.  The  law  of  supply  and 
demand  operates  no  less  in  the  realm 
of  power  transmission  than  in  any 
other  department  of  commercial  enter- 
prise. 

If  the  price  that  could  be  demanded 
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for  power  in  South  Africa  were  suffi- 
cient, say,  a  million  times  its  present 
cost,  the  idea  of  delivering-  Niagara 
power  to  that  region  would  not  seem 
the  absurdity  that  it  is  under  present 
conditions.  In  fact,  there  are  in  oper- 
ation to-day  dozens  of  transmission 
lines  exceeding,  3000  miles  in  length 
that  have  been  for  years  transmitting 
power  successfully,  both  from  an  en- 
gineering and  from  a  financial  stand- 
point. 

The  success  of  these  enterprises  is 
simply  a  question  of  the  price  which 
can  be  successfully  demanded  for  the 
power  delivered.  In  the  case  to  which 
reference  is  made,  this  price  is  perhaps 
one  billion  times  that  for  which  Ni- 
agara power  is  sold  in  Buffalo,  or  say, 
$25,000,000,000  per  K.  W.  per  year. 
The  writer  refers  tothe  transmission  of 
energy  in  the  Atlantic  cables.  The  mo- 
tion of  the  syphon  recorder  at  the  end 
of  the  cable  is  just  as  truly  the  result  of 
power  transmission  as  the  running 
of  a  printing  press  or  the  driving  of 
a  factory.  The  same  laws  of  trans- 
mission apply,  whether  the  power 
transmission  be  used  for  operating  the 
syphon  recorder  or  the  factory.  It  is 
in  the  value  of  power  transmitted  that 
the  great  difference  lies.  If  the  power 
for  driving  factories  were  worth  as 
much  as  that  for  operating  a  syphon 
recorder,  Niagara  power  would,  per- 
haps, have  been  sold  in  the  markets 
of  Europe  long  before  this. 

The  distance,  therefore,  to  which 
power  can  be  successfully  transmitted 
by  electricity  depends  almost  entirely 
upon  the  price  which  can  be  success- 
fully demanded  for  such  power.  The 
price  is  regulated  by  the  law  of  supply 
and  demand.  The  power  user  will  buy 
power  where  he  can  get  it  cheapest  and 
will  install  his  own  steam  plant,  unless 
the  power  transmission  company  can 
sell  him  power  as  cheaply  as  he  can 
generate  it.  The  most  important  sin- 
gle item  in  the  cost  of  steam  power  is 
the  cost  of  fuel.  An  electric  transmis- 
sion scheme  which  might  fail  utterlv 
among  the  coal  fields  of  a  country, 
with  coal  at,  say,  $1  a  ton,  might  suc- 
ceed brilliantly  in  places  where  coal 
costs  $10,  or  in  South  Africa,  for  ex- 


ample, with  coal  at,  say,  $50  a  ton. 
The  cost  of  electrical  power  deliv- 
ered at  any  point,  which  must  be  com- 
pared to  the  cost  of  power  at  the  same 
point  as  obtained  from  other  sources, 
may  be  divided  into  three  quite  dis- 
tinct elements : 

1.  The  cost,  at  the  generating  sta- 
tion, of  the  power  delivered  to  the  cus- 
tomer at  the  other  end  of  the  line. 

2.  The  cost,  at  the  generating  sta- 
tion, of  the  power  lost  in  transmission. 

3.  Interest,  depreciation  and  main- 
tenance of  the  transmission  plant. 

It  is  so  evident  as  only  to  need  men- 
tion, that,  other  things  being  equal,  the 
longer  the  transmission,  the  greater 
the  cost  of  the  power  delivered  at  the 
end  of  that  transmission.  The  ques- 
tion that  invariably  confronts  the  elec- 
trical engineer  is  to  deliver  a  given 
amount  of  power,  under  certain  given 
conditions,  at  the  minimum  cost. 

It  may  be  noted  that  the  last  two 
items  as  given  above  vary  inversely 
with  each  other,  that  is,  for  a  given 
proposition,  if  we  increase  the  amount 
of  copper,  which  is  the  principle  upon 
which  the  third  item  is  computed,  we 
evidently  will  decrease  the  amount  of 
power  lost,  which  is  the  second  item  of 
cost.  Lord  Kelvin,  in  1881,  showed 
that  the  total  cost  for  transmitting 
power  would  be  a  minimum,  in  other 
word's,  economy  would  be  a  maximum, 
when  these  two  variable  elements  be- 
came equal  to  each  other,  that  is,  when 
the  annual  cost  of  power  lost  in  trans- 
mission became  equal  to  the  annual 
interest,  depreciation  and  maintenance 
charge  on  the  transmission  plant. 

Later,  other  writers  on  the  same 
subject  drew  attention  to  the  fact  that 
there  were  elements  in  item  No.  3  of 
the  cost  that  are  independent  of  the 
amount  of  copper  used,  and,  therefore, 
are  independent  of  item  No.  2  of  cost. 
They  then  went  on  to  show  that  maxi- 
mum economy  was  secured  when  the 
variable  element  in  item  No.  3  became 
equal  to  item  No.  2. 

The  constant. element  of  the  trans- 
mitting plant  occurs  in  such  things  as 
the  cost  of  the  right  of  way,  cost  of 
necessary  transformers,  and  a  certain 
proportion  of  the  cost  of  the  support- 
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ing  structure.  The  greater  part  of  the 
variable  element  lies  in  the  weight  of 
conductors  used  in  transmissions,  and 
a  much  smaller  element  in  the  cost  of 
necessary  insulation. 

It  follows,  therefore,  that  if  we  de- 
sign a  transmission  plant  for  maxi- 
mum economy,  the  percentage  increase 
in  cost  of  power  at  the  receiving  end 
over  the  cost  of  power  at  the  transmit- 
ting end  is  at  least  double  the  percent- 
age loss.  For  instance,  if  we  find  that 
10  per  cent,  loss,  in  a  given  transmis- 
sion proposition,  gives  maximum  econ- 
omy, the  cost  of  power  at  the  receiving 
end  must  be  at  least  20  per  cent,  greater 
than  at  the  generating  end. 

In  order  to  make  electric  transmis- 
sion of  power  reliable,  it  is  necessary 
to  provide  a  certain  excess  capacity  in 
the  transmission  line  or  lines,  and  to 
provide  spare  apparatus  for  use  in  case 
any  part  of  the  system  becomes  dam- 
aged. The  cost  of  these  spare  parts, 
the  price  of  reliability,  should  be  added 
to  the  cost  sufficient  under  normal  con- 
ditions, and  forms  another  item  of 
expense.  The  amount  of  this  item  is 
dependent,  of  course,  upon  the  import- 
ance of  the  service  and  is  governed 
by  local  conditions. 

The  expense  of  the  necessary  right 
of  way  is  another  element  in  the  cost  of 
transmission,  which  is  dependent  upon 
local  conditions.  It  is  evident  that  a 
right  of  way  between  Niagara  Falls 
and  Buffalo,  for  instance,  would  be 
much  more  expensive  than  that 
through  a  mountainous  district  of  an 
out-of-the-way  part  of  the  country. 

The  problem  of  electric  transmission 
is,  therefore,  largely  a  commercial  prob- 
lem. From  the  above  analysis  we 
might  expect  that  the  transmission  of 
power  would  be  most  highly  developed 
in  the  localities  where  any  or  all  of  the 
following  conditions  exist :  First, 
where  competing  power  is  expensive 
from  any  cause,  such  as  high-priced 
fuel,  scarcity  of  water,  expensive  la- 
bor or  poor  transportation  facilities. 
Second,  where  water  powers  are 
abundant  and  easily  developed  and 
where,  therefore,  the  raw  material  of 
the  enterprise  is  cheap.  Third,  where 
the  demand  for  power  is  extensive. 

Along  the  Pacific  Coast  of  the 
United  States  these  conditions  are 
closely  met.  Water  powers  are  there 
abundant,  fuel  is  expensive,  both  on 
account  of  its  scarcity  and  difficulty  of 
transportation.  All  along  the  coast 
from  southern  California  to  northern 
Washington  and  even  into  British  Co- 
lumbia, the  energy  of  the  mountain 
streams  is  a  commodity  that  can  be 
purchased  in  almost  any  city  and  town 
and  in  many  of  the  villages. 

The  "white  coal''  of  the  Alps,  so- 
called  from  the  snow  caps  which  form 
the  sources  of  the  mountain  streams, 


is  in  great  demand  in  Switzerland  and 
the  neighboring  Alpine  countries. 
There  is  now  under  serious  considera- 
tion a  scheme  for  transmitting  to  Paris 
power  developed  from  these  mountain 
streams  of  the  Alps,  about  300  miles 
distant.  It  seems  probable  that  this 
transmission  will  be  one  of  the  engi- 
neering realities  of  the  near  future. 

The  development  of  Niagara  Falls  is 
too  well  known  to  discuss  at  length, 
but  the  region  is  one  where  coal  is  not 
expensive  and  still  electrically  trans- 
mitted power  finds  an  almost  unlimited 
market.  The  distance,  however,  to 
which  power  in  the  northern  part  of 
the  State  of  New  York  can  be  trans- 
mitted and  sold  at  a  profit  is  not  so 
great  as  it  would  be  in  California  or 
in  South  Africa,  where  fuel  is  much 
more  expensive  and  transportation  fa- 
cilities are  inadequately  developed. 

II.— ENGINEERING    LIMITS 

The  present  state  of  the  art  of  long- 
distance transmission  is  the  result  of 
evolution.  No  engineer  is  prepared  to 
believe  that  this  process  of  evolution 
has  just  begun  and  that  epoch-making 
and  revolutionary  improvements  in  the 
art  of  long-distance  transmission  are 
impending,  as  some  electricity-in-its- 
infancy  paragraph  writers  would 
have  us  believe.  On  the  other  hand, 
no  engineer  is  prepared  to  believe  that 
the  process  is  complete,  or  that  the  art 
has  reached  its  acme  of  perfection. 
Somewhere  between  these  two  ex- 
tremes lies  the  truth.  It  is  fair  to  as- 
sume that  as  perfection  is  more  closely 
approached  those  limitations  of  a  tech- 
nical nature,  bevond  whirh  we  cannot 
see  our  way  clear  to  advance  at  pres- 
ent, will  be  gradualy  extended  by  the 
experience  of  the  future  to  a  point 
higher  than  that  attainable  now. 

The  principle  thing  which  at  present 
limits  the  distance  to  which  power  can 
be  transmitted  is  voltage,  or  rather  in- 
sulation. The  amount  of  copper, 
which  constitutes  a  large  proportion  of 
the  total  cost  of  any  given  transmis- 
sion scheme,  is  directly  proportional 
to  the  square  of  the  distance  and  the 
amount  of  power  transmitted,  and  is 
inversely  proportional  to  the  square  of 
the  voltage  used  and  the  loss  that  takes 
place  in  the  conductors.  Algebraically 
expressed,  this  law  is  : 


Weight  of  copper 


K.  W.  x  miles= 
Loss  x  voltage2 


It  is  evident,  therefore,  that  if  we 
could  increase  the  voltage  indefinitely, 
we  could  increase  the  transmission  dis- 
tance indefinitely ;  but  we  soon  come 
to  a  limit  beyond  which  we  find  it  is 
impossible  to  increase  the  voltage. 
Just  what  this  limit  in  voltage  is  at 
present  is  somewhat  a  matter  of  indiv- 
ual  opinion,  and  what  it  will  be  in  the 


future  involves  an  exercise  of  pro- 
phetic vision  which  it  is  beyond  the 
scope  of  this  discussion  to  assume. 

The  highest  voltage  actually  in  use 
at  the  present  time  is  about  55,000. 
This  voltage  is  used  in  the  Canon 
Ferry- Butte  transmission  in  Montana, 
a  distance  of  about  65  miles,  and  in  the 
Shawinigan-Montreal  transmission  in 
Canada,  a  distance  of  about  80  miles. 
Higher  voltages  have  been  proposed, 
and  in  some  cases  have  even  been  pre- 
pared for,  in  the  design  of  lines  and 
transformers ;  but  up  to  the  present 
time  none  higher  than  55,000  volts  has 
been  put  into  successful  commercial 
operation. 

The  most  serious  difficulties  en- 
countered in  increasing  the  voltage  of 
transmissions  are : 

1.  Difficulty  in  maintaining  perfect 
insulation. 

2.  Difficulty  in  obtaining  proper 
protection  from  lightning  discharges 
and  other  static  troubles. 

3.  Loss  of  power  due  to  brush  dis- 
charges from  high-tension  conductors. 

4.  Deterioration  of  the  high-ten- 
sion conductors,  due  to  the  fact  that 
compounds  which  attack  the  metal  are 
formed  by  the  action  of  these  brush 
discharges  upon  the  atmosphere. 

As  before  stated  it  is  beyond  the 
scope  of  this  paper  to  place  a  future 
limit  to  voltage  increase,  but  present 
indications  are  that  no  increases  of  a 
revolutionary  character  may  be  ex- 
pected in  this  direction,  at  least  not  in 
the  immediate  future. 

Another  condition  which  falls  under 
the  head  of  an  engineering  limit  is  oc- 
casioned by  what  the  electrical  engi- 
neer calls  regulation.  In  order  to  give 
good  service,  the  voltage  at  the  con- 
sumer's apparatus  should  be  practi- 
cally constant  under  all  conditions.  If 
the  voltage  is  not  constant,  there  is  a 
variation  in  the  illumination  of  the  cus- 
tomer's lamps  and  in  the  speed  of  his 
motors  which  he  is  apt  to  find  exceed- 
ingly annoying,  and  which,  if  not  cor- 
rected, will  lead  him  to  seek  some 
other  source  of  light  and  power. 

Now,  in  order  that  the  voltage 
shall  be  constant  at  the  receiving  line, 
which  usually  means  practically  con- 
stant on  the  consumer's  apparatus,  the 
voltage  at  the  generating  end  must  in- 
crease as  the  load  transmitted  in- 
creases. The  percentage  increase  in 
voltage  at  the  generating  end  between 
no  load  and  full  load  on  the  transmis- 
sion line  in  order  to  maintain  a  con- 
stant voltage  at  the  receiving  end  is 
called  regulation.  Regulation  is  a 
function  of  the  loss  which  takes  place 
in  any  transmission ;  the  greater  the 
loss,  the  poorer  the  regulation. 

In  very  long  transmission  lines,  in 
order  to  obtain  maximum  economy, 
the  loss  increases  with  the  distance, 
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and  usually  we  find  that  in  order  to 
obtain  maximum  economy  in  long- 
distance lines  there  will  be  a  regulation 
considerably  worse  than  that  de- 
manded by  good  service.  That  is,  if 
we  could  increase  the  loss  in  transmis- 
sion over  that  fixed  by  the  worst  allow- 
able regulation,  the  saving  in  the  cost 
of  the  transmitting  plant  would  over- 
balance the  cost  of  additional  power 
lost.  For  very  long  transmissions, 
therefore,  Kelvin's  law  is  ruled  out  by 
other  considerations,  and  the  cost  of 
transmission  is  thereby  made  higher 
than  if  the  law  could  be  applied. 

The  question  now  naturally  arises, 
what  is  the  maximum  allowable  loss 
that  will  not  exceed  the  worst  allow- 
able regulation  ?  This  is  a  question  of 
the  character  of  service  and  load,  the 
regulation  of  generators,  the  efficiency 
of  the  governing,  apparatus,  and,  to  a 
considerable  extent,  a  matter  of  indi- 
vidual opinion.  Probably  no  electrical 
engineer  would  care  to  recommend 
the  installation  of  a  transmission  line 
in  which  he  must  generate  30  per  cent, 
more  volts  at  full  load  than  at  no  load 
in  order  to  maintain  a  constant  volt- 
age at  the  receiving  end.  The  percent- 
age loss  which  is  entailed  by  a  30  per 
cent,  regulation  is  a  somewhat  intri- 
cate function  of  loss,  character  of  load, 
frequency,  etc. ;  but  in  common  prac- 
tice, as  it  exists  to-day,  it  would  rarely 
exceed  20  per  cent. 

There  are  methods  whereby  this  ele- 
ment of  regulation  can  be  eliminated, 
for  instance,  the  use  of  motor-gener- 
ator sets  at  the  receiving  station,  the 
speed  of  whose  motors  is  practically 
independent  of  the  voltage  applied. 
This,  however,  means  more  aparatus, 
with  additional  cost,  maintenance  and 
liability  of  breadown  to  be  balanced 
against  the  saving  its  use  would  ac- 
complish in  the  cost  of  transmission. 

The  writer  does  not  wish  to  have  the 
reader  get  the  impression  from  this 
discussion  that  it  is  always  necessary 
to  adopt  a  very  high  voltage  for  trans- 
mitting electric  power.  High  voltages 
bring  troubles  of  their  own,  and  a 
large  amount  of  such  troubles  can  be 
avoided  by  using  common  sense  in  the 
selection  of  the  voltage.  A  10,  20  or 
30-mile  transmission  can  be  carried 
out  with  voltages  which  are  compara- 
tively low  and  still  not  run  the  cost  of 
transmission  to  a  prohibitive  figure. 

A  very  handy  rough-and-ready  rule 
for  estimating  the  cost  of  copper  in 
any  given  transmission  is  this  :  If  the 
voltage  of  transmission  in  thousands 
of  volts  is  equal  to  the  miles  of  dis- 
tance, the  cost  of  copper  for  that  trans- 
mission, assuming  copper  at  20  cents 
per  pound,  will  be  very  close  to  $5  per 
K.  W.  transmitted.  This  is  based 
upon  the  assumption  that  the  loss  is 
10  per  cent. 


For  other  losses,  other  distances  and 
other  voltages  the  formula  on  page  131 
can  be  readily  applied  to  obtain  the 
cost  of  copper.  For  instance,  if  the 
miles  of  transmission  are  double  the 
number  of  volts  expressed  in  thou- 
sands, the  cost  of  copper  will  be  four 
times  that  stated  above,  or  $20  per  K. 
W.  for  a  10  per  cent  loss.  If  in  this 
case  the  loss  be  increased  to  20  per 
cent.,  the  cost  of  copper  will  be  one- 
half,  or  $10  per  K.  W. 

The  total  cost  of  any  transmission 
scheme,  including  cost  of  generating 
station  with  all  appliances,  cost  of  prime 
movers  and  buildings,  cost  of  receiv- 
ing station,  will  probably  be  at  least 
$75  Per  K.  W.  and  usually  much  more. 
It  is  evident,  therefore,  that  we  can 
keep  the  proportionate  cost  of  the 
transmitting  plant  comparatively  low 
by  adopting  moderate  voltages,  unless 
the  distance  of  transmission  becomes 
considerably  greater  than  that  which 
the  engineer  has  usually  to  provide 
for. 

Another  class  of  limiting  conditions 
in  long-distance  transmission,  which 
may  be  mentioned  in  passing,  is  what 
may  be  called  legal  restrictions.  The 
possibility  always  exists  that  laws  will 
be  passed  to  limit  voltage  on  the  score 
of  the  dangers  to  a  community.  In 
the  United  States  it  has  so  far  been 
found  unnecessary  to  invoke  the  aid 
of  the  law.  Of  more  importance  are 
the  rules  which  have  been  and  will,  in 
the  future,  be  established  by  the  vari- 
ous boards  of  underwriters.  A  rash 
and  ill-considered  rule,  which  might 
be  made  and  enforced  by  the  fire  un- 
derwriters, might  prove  exceedingly 
disastrous  to  the  art  of  long-distance 
transmission.  That  proper  precau- 
tions should  be  taken  toprotect  life  and 
property  admits  of  no  discussion.  The 
remedies  of  such  evils  lie  in  regulation 
and  not  in  strangulation. 

While  in  the  foregoing  we  have  a 
rather  brief  and  purely  abstract  analy- 
sis of  some  of  the  main  elements  en- 
tering into  the  problem  of  high-tension 
transmission,  the  assumption  and  so- 
lution of  one  or  two  concrete  exam- 
ples may  assist  to  a  more  thorough  un- 
derstanding of  the  matter. 

Suppose  therefore  that  we  assume 
a  25-mile  transmission  at  25,000  volts. 
Assume  copper  at  20  cents  a  pound, 
and  let  the  interest,  depreciation  and 
maintenance  and  taxes  on  the  cost  of 
the  copper  in  the  transmission  plant  be 
taken  at  12  per  cent.  Assume  further 
that  it  costs  $20  per  K.  W.  per  year  to 
generate  power.  The  question  in 
which  both  the  promoter  and  the  en- 
gineer of  such  an  enterprise  is  partic- 
ularly interested  is,  what  is  the  cost  of 
transmission  ?  Given  the  assumption 
above,  this  question  can  be  answered 
at  least  partially.    A  complete  answer 


will  require  more  complete  data. 
We  have  already  seen  from  the  ap- 
proximate rule  on  this  page  that,  as- 
suming conditions  as  above,  the  invest- 
ment in  copper  is  $5  for  a  loss  of  10 
per  cent.,  and  that  for  other  losses  the 
investment  is  in  inverse  proportion. 
We  have  seen  also  that  maximum 
economy  will  be  obtained  when  the 
annual  interest  charge  on  this  is  equal 
to  the  annual  value  of  power  lost.  At 
a  loss  of  10  per  cent,  these  two  ele- 
ments are  not  equal,  but  we  find  that 
reducing  the  loss  to  about  5|  per  cent., 
thereby  raising  the  investment  in  cop- 
per to  about  $9,  the  two  elements  be- 
came very  nearly  equal.  One  becomes 
12  per  cent,  of  $9,  or  about  $1.08,  and 
the  other  becomes  5^  per  cent,  of  $20, 
or  $1.10.  The  cost  of  power,  there- 
fore, at  the  receiving  end  will  be  at 
least  11  per  cent,  greater  than  at  the 
generating  end. 

This  is  as  far  as  our  answer  can  go. 
The  amount  that  the  11  per  cent,  will 
have  to  be  increased  to  obtain  the  ac- 
tual figure  will  depend  upon  the  addi- 
tional investment  necessary  for  trans- 
formers, right  of  way,  etc.,  as  well  as 
upon  the  load  factor.  By  load  factor 
is  meant  the  ratio  of  the  average  to  the 
maximum  load  on  the  system. 

Investment  and,  therefore,  interest, 
etc.,  depends  upon  maximum  load. 
This  item  is  active  twenty-four  hours 
per  day  and  every  day.  The  returns 
on  the  investment  or  the  amounts  re- 
ceived for  power  sold  depend  very 
largely  upon  the  time  during  which 
power  is  used.  If,  for  instance,  the 
power  can  be  used  only  during  two 
hours  of  the  twenty-four,  it  is  evident 
that  the  proportionate  cost  of  trans- 
mission must  be  higher  than  if  the 
power  were  used  the  whole  twenty- 
four  hours.  Neither  has  the  figure 
given  above  taken  into  account  the  nec- 
essary investment  for  spare  lines,  etc. ; 
all  these  elements  tend  to  increase,  and 
none  to  decrease,  the  11  per  cent.,  as 
figured  above. 

The  writer  has  mentioned  the  pro- 
posed transmission  from  the  Alps  to 
Paris.  A  few  figures  showing  the 
minimum  cost  of  transmitting  power 
this  distance — 300  miles — may  be  of 
interest.  The  first  question  is  what 
voltage  and  loss  to  use.  Assume  first 
that  the  consideration  of  regulation 
will  limit  loss  to  15  per  cent.  The  reg- 
ulation imposed  by  this  loss  depends 
upon  the  frequency  chosen  and  the 
character  of  the  load,  but  probably 
will  be  not  less  than  25  per  cent.  Fifty 
thousand  volts  delivered  in  Paris, 
therefore,  will  mean  the  use  of  a  volt- 
age higher  than  any  in  use  at  present, 
but  still  a  voltage  within  the  bounds  of 
reason. 

Applying  the  rule  and  formula 
given  on  page  387,  we  find  that  the 
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cost  of  copper  for  these  conditions  is 
about  $120  per  K.  W.,  copper  at  20 
cents  a  pound.  Assume  that  addi- 
tional investment  per  K.  W.  for  right 
of  way,  transformers,  supporting 
structure,  etc.,  will  be  as  much  more, 
making  a  total  investment  of  $240  per 
K.  W.  for  transmission  alone;  at  12 
per  cent,  the  annual  cost  will,  there- 
fore, be  $28.80.  Add  to  this  the  value 
of  the  power  lost  per  K.  W.  trans- 
mitted— 15  per  cent,  of,  say,  $20 — and 
we  have  a  total  of  about  $32  per  K.  W. 
This  will  be  the  cost  per  year  to  trans- 
mit one  K.  W.,  provided  we  assume  a 
load  factor  of  one. 

This  figure  is,  of  course,  subject  to 
wide  correction,  as  the  assumptions 
made  may  vary  from  the  truth.  The 
examples  are  given  to  illustrate 
method  rather  than  to  give  actual  fig- 
ures. In  the  last  example  it  will  be 
noted  that  Kevlin's  law  does  not  apply. 
If  a  worse  regulation  and  a  higher 
loss  were  allowable,  the  cost  of  trans- 
mission could  be  considerably  reduced. 

The  limitations  that  have  been 
treated  in  this  discussion  up  to  this 
point  are  those  which  affect  the  design 
of  the  transmission  plant.  As  soon  as 
we  come  to  the  matter  of  operation 
another  type  of  limitation  enters  the 
problem.  No  matter  how  well  de- 
designed  a  transmission  line  may  be, 
difficulties  will  arise  in  operation  that 
it  is  impossible  to  foresee  or  take  care 
of  in  the  design.  While  it  will  be  im- 
possible to  mention  all  of  the  troubles 
to  which  the  operator  of  a  high-tension 
transmission  line  is  subject,  an  account 
of  a  few  of  them  will  probably  be  of 
interest. 

While  perhaps  not  the  most  fre- 
quent, certainly  the  most  exasperating 
trouble  with  which  a  transmission 
manager  has  to  contend  is  malicious 
interference.  It  is  a  difficulty  over 
which  an  improvement  in  methods  has 
little  effect,  and  an  improvement  in  ap- 
paratus none.  It  is  a  difficulty  not  due 
to  the  weakness  of  the  line,  but  to  the 
frailty  of  human  nature.  Sometimes 
such  trouble  arises  from  an  actual  in- 
tention to  do  harm,  as,  for  instance,  a 
feeling  of  spite  on  the  part  of  a  dis- 
charged employee.  More  often,  how- 
ever, the  culprit  does  not  realize  the 
amount  of  damage  and  inconvenience 
his  careless  act  may  cause.  All  that 
the  hunter  finds  is  that  the  insulator 
makes  a  good  target  for  his  rifle  and 
all  that  the  small  boy  knows  is  that  a 
piece  of  baling  wire  over  the  line  will 
make  a  most  interesting  display  of  fire- 
works. 

Neither  the  hunter  nor  the  small 
boy  realizes  that  his  act  may  throw  a 
whole  city  into  darkness  or  stop  trolley 
cars  miles  away.  Whether  done  ma- 
liciously or  carelessly,  detection  is  diffi- 
cult.    A  transmission  line  is  open  to 


attack  anywhere  along  its  entire 
length.  Often  these  lines  are  run 
through  a  sparcely  settled  country,  and 
a  patrolling  sufficient  to  prevent,  all 
mischief  is  practically  impossible. 

One  notable  instance  in  which  mali- 
cious interference  became  a  serious 
problem  occurred  in  the  high-tension 
transmission  plants  which  take  power 
into  the  City  of  Mexico.  In  that  re- 
gion the  favorite  implements  for  caus- 
ing trouble  on  the  lines  were  the  leaves 
of  the  maguay  plant,  a  sort  of  cactus. 
The  leaves  of  this  plant  are  very  large- 
ly composed  of  water,  and  are,  there- 
fore, good  conductors  of  electricity,  at 
least  for  the  high-voltages.  The  na- 
tive's chief  delight  seemed  to  be  in 
throwing  these  leaves  over  the  high- 
tension  lines  and  watching  the  result- 
ant fireworks.  All  other  expedients 
failed  and  it  finally  became  necessary 
to  ask  the  Government  to  detail  a 
cavalry  guard  to  patrol  some  of  these 
transmission  lines,  with  orders  to 
"shoot  to  kill"  anyone  found  interfer- 
ing with  them. 

Another  Mexican  expedient  is  most 
ingenious,  and  certainly  shows  a  sense 
of  humor  that  one  would  hardly  ex- 
pect to  find  in  a  Mexican.  A  native 
was  caught  "red-handed"  in  the  act  of 
throwing  a  maguav  leaf  upon  one  of 
the  transmission  lines.  He  was  im- 
mediately taken  before  a  Mexican 
judge,  and  the  case  was  clearly  proved 
against  him.  The  judge  sentenced  the 
culprit  to  one  year  in  jail,  and  then 
suspended  the  sentence — and  this  is 
where  he  displayed  real  genius — until 
the  next  maguay.  leaf  should  be  thrown 
upon  the  transmission  line,  no  matter 
by  whom.  This  practically  gave  the 
Mexican  the  choice  of  going  to  jail  for 
one  year  or  constituting  himself  a  com- 
mittee of  one  to  patrol  the  line  and  see 
that  no  further  interference  occurred. 

In  connection  with  this  the  experi- 
ence of  one  of  the  Westinghouse  Com- 
pany's engineers  is  brought  to  mind. 
A  certain  South  American  government 
was  developing  a  water-power  for  the 
purpose  of  lighting  an  adjacent  town. 
Before  the  plant  had  been  accepted  a 
revolution  broke  out,  and  the  trans- 
mission line,  being  a  Government  in- 
stitution, was  fair  game  for  the  revolu- 
tionists. First  they  tried  dynamite  on 
the  power  house;  but  a  strict  guard 
was  kept  after  the  first  attack,  and  fur- 
ther attempts  in  this  direction  were 
thus  prevented.  A  new. method  of  at- 
tack was  to  cut  the  transmission  lines. 
The  plant  was  used  for  lisfhting  only, 
andrthq  current  was  shut  off  during 
daylight  hours,  at  which  time  this  cut- 
ting could  be  done  with  safety.  After 
fixing  up  one  or  two  cuts,  however, 
•the  engineer's> next  move  was  to  keep 
the  power  on  the  line  continuously. 
The  effect  was  immediate.     To  quote 


the  words  of  the  engineer's  report  lit- 
erally :  "Next  morning  there  were  two 
new  faces  in  Hell  for  breakfast." 

Man,  however,  is  not  the  only  ani- 
mal guilty  of  interfering  with  trans- 
mission lines,  although  he  is  probably 
the  only  one  that  does  it  with  malice 
aforethought.  In  some  localities  large 
birds  are  a  considerable  source  of 
trouble.  In  a  number  of  instances 
short  circuits  have  been  due  to  cranes 
getting  tangled  with  the  high-tension 
wires.  In  other  sections  owls  seem 
to  be  large  enough  to  get  between  the 
transmission  conductors.  On  the  Ni- 
agara-Buffalo transmission  line  there 
were  two  occasions  when  a  cat — not 
the  same  in  both  cases,  however — 
managed  to  short-circuit  the  line  by 
getting  its  body  between  adjacent  con- 
ductors. 

Lightning  is  another  difficulty  with 
which  the  operating  engineer  has  to 
contend.  Although  arresters  of 
greater  or  less  efficiency  have  been  de- 
vised, absolute  protection  from  the  ef- 
fects of  lightning  is  impossible  in  the 
present  state  of  the  art.  During  a 
thunderstorm  the  manager  can  never 
feel  absolute  assurance  that  his  appa- 
ratus is  safe  from  destruction  by  light- 
ning. Electrical  apparatus  is  some- 
what peculiar  in  regard  to  damage  by 
lightning  in  that  a  direct  stroke  is  not 
necessary.  The  electrical  pressure 
from  the  dynamo  is  constantly  present, 
and  it  only  needs  a  temporary  break 
in  insulation  which  may  be  made  by  a 
"side  flash"  to  give  it  the  opportunity 
of  flowing  in  forbidden  paths  and  so 
causing  damage.  A  partial  analogy 
to  this  condition  may  be  found  in  a 
river  kept  within  its  banks  by  levees. 
A  rift,  in  itself  almost  beneath  notice, 
becomes  a  menace  as  soon  as  the  pres- 
sure of  water  from  the  swollen  river 
bears  upon  it. 

It  is  essential  that  the  transmission 
line  manager  shall  have  means  of  com- 
municating between  the  different  parts 
of  his  system.  The  usual  method  of 
securing  it  is  by  means  of  a  telephone 
system,  the  conductors  of  which  are 
usually  on  the  same  poles  as  the  trans- 
mission wires.  Proper  maintenance  of 
this  communicating  system  is  another 
difficulty  that  confronts  the  manager. 
The  proximity  of  the  high-tension  con- 
ductors to  the  telephone  wires  does  not 
help  matters.  The  importance  of  mak- 
ing such  a  disposition  of  the  wires  that 
interference  will  be  a  minimum  is  ob- 
vious. 

Many  of  the  difficulties  mentioned 
above  can  be  foreseen,  and,  in  a  meas- 
ure, provision  can  be  made  for  them. 
For  instance,  interference  by  the  mali- 
cious and  careless  can  be  remedied  to 
a  considerable  extent  by  elevating  the 
transmission  conductors.  But  the 
higher  the  conductors  are  placed,  the 
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more  expensive  is  the  construction. 
The  question  is  how  far  can  we  afford 
to  elevate  the  wires  in  order  to  obtain 
the  additional  immunity  from  inter- 
ference that  such  elevation  will  give? 
Each  case  has  a  different  answer.  It 
is  the  duty  of  the  engineer  not  only  to 
be  familiar  with  the  troubles  that  have 
occurred  in  transmission  plants  and 
the  troubles  that  are  liable  to  occur  in 
any  specific  plant,  but  also  to  be  fa- 
miliar with  the  remedies  for  these 
troubles  so  far  as  they  exist. 

It  is  not  a  simple  question,  there- 
fore, which  the  engineer  has  to  decide 
when  he  specifies  a  transmission 
scheme.  The  elements  that  enter  his 
problem  are  many  and  extremely  va- 
ried in  character.  The  items  that  the 
engineer  must  consider  before  an  in- 


telligent answer  can  be  given  to 
the  promoter  with  a  transmission 
scheme  form  an  interesting  list.  They 
are : 

Voltage  to  be  adopted. 
Frequency    to    be   adopted. 
Regulation  to  be  adopted. 
Efficiency  "to  be  adopted. 
Prices  of  copper. 

Cost  of  poles  or  other  supporting  structure. 
Cost  of  labor. 
Cost  of  transportation. 
Price  of  coal. 

Cost  of  power  at  generating  end  of  line. 
Value  of  right  of  way. 
Interest  rate  on  investment. 
Proper  charge  for  maintenance. 
Proper  charge  for  depreciation. 
Taxes. 

Load  factor,  i.   e.,   ratio  of  average  to  maximum 
load. 

All  these  factors  the  engineer  must 
bear  in  mind.  It  is  his  business  to 
know  what  influence  avariation  in  any 
factor  will  exert  in  the  final  result  or 
in  any  other  factor.     It  is  his  business 


to  know  not  only  the  general  consider- 
ations which  enter  his  problem,  but 
also  to  make  himself  thoroughly  ac- 
quainted with  the  special  considera- 
tions which  invariably  enter  any  spe- 
cific case.  The  fact,  too,  that  wide  va- 
riations of  opinion  exist  on  some  of 
tiie  points,  even  among  those  best 
qualified  to  judge,  does  not  lighten  the 
burdens  of  the  high-tension  engineer. 
To  observe  the  tendencies  of  present 
practice ;  to  become  acquainted  with 
those  things  that  are  proving,  success- 
ful in  practice,  as  well  as  those  that 
may  be  expected  to  succeed  in  theory  ; 
to  formulate  laws  to  connect  the  seem- 
ingly discordant  elements  of  his  prob- 
lem ;  in  short,  to  bring  harmony  out 
of  apparent  chaos,  these  are  the  func- 
tions of  the  electrical  engineer. 


Proposed   Government  Control   of  Wireless 

Telegraph   Coast  Stations 

By    WM.    MAVER,    Jr..    Author    of    "Wireless    Telegraphy:    Theory    aLnd    Practice." 


IT  was  recently  reported  from  Wash- 
ington that  the  United  States 
Government,  through  the  Navy 
Department,  had  determined  on  ac- 
quiring by  an  enactment  of  Congress 
exclusive  control  of  the  use  of  wireless 
telegraphy  on  the  coasts  of  the  United 
States,  on  the  ground  that  experience 
had  shown  that  in  no  other  way  could 
interference  between  various  wireless 
telegraph  systems  be  prevented,  the  re- 
sult of  such  interference  being  that  no 
system  could  be  relied  upon  to  give 
satisfactory  service. 

A  further  reason  for  this  proposed 
action  is  that  without  such  exclusive 
control  of  all  such  stations  the  sea 
coasts  cannot  be  properly  defended  in 
time  of  war,  the  idea  doubtless  be- 
ing that  to  ensure  a  proper  defense 
of  the  coasts,  so  far  as  wireless  tele- 
graphy can  accomplish  that  end,  it  is 
highly  essential  that  the  various  sta- 
tions be  equipped  with  the  most  ap- 
proved wireless  apparatus  and  manned 
by  expert  operators,  all  under  one  sys- 
tem of  operation  and  control,  and  that 
these  stations  be  absolutely  safeguard- 
ed against  outside  electrical  interfer- 
ence with  signals  in  time  of  war,  ex- 
cept what  may  be  set  up  by  an  enemy. 
In  the  existing  state  of  affairs  it  has 
been  found  practically  impossible  to 
make  satisfactory  long-distance  tests 
of  different  systems,  owing  to  the  dis- 
turbances set  up  by  other  wireless  sys- 
tems.   To  illustrate  the  nature  of  this 


interference  by  way  of  analogy,  let  us 
assume  a  small  float  to  be  placed  in 
one  part  of  a  pond,  and  that  this  float 
will  rise  and  fall  in  accordance  with 
water  waves  excited  at  a  distance  by 
any  suitable  means.  To  carry  out  the 
analogy  we  have  further  to  assume 
that  by  some  means  the  water  waves 
will  be  promptly  damped  when  the  ex- 
citing cause  is  removed,  and  hence, 
that  a  means  of  telegraphing  may 
hereby  be  afforded  by  setting  up  water 
waves  of  long  and  short  duration,  cor- 
responding to  a  telegraph  alphabet, 
that  will  cause  the  float  at  the  receiv- 
ing point  to  move  up  and  down  con- 
currently with  the  transmitted  waves. 
It  is  obvious  that  when  one  set  of 
waves  only  is  being  sent  over  the  sur- 
face of  the  pond  it  will  be  a  compara- 
tively easy  matter  to  read  the  move- 
ments of  the  float.  But  if  two  or  more 
sets  of  waves  are  being  set  up  at  one 
time  over  the  surface  of  the  pond,  the 
float  will  be  agitated  in  a  manner  that 
will  not  be  intelligible  to  any  one,  and 
all  attempts  at  adjustment  of  the  float 
to  respond  to  the  water  waves  set  up 
at  a  given  transmitting  station  will  be 
futile.  In  a  similar  way  the  ordinary 
coherer  of  a  wireless  system  attempts 
to  respond  to  all  the  electric  waves  in 
its  vicinity,  and  if  two  or  more  sets  of 
such  waves  are  being  transmitted 
through  the  ether,  neither  of  them  are 
translatable. 

This  conclusion  as  to  the  impossi- 


bility of  preventing  interference  from 
outside  sources,  will  perhaps  be  vig- 
orously contested  by  some  of  the  pri- 
vate wireless  telegraph  companies, 
whose  favorite  claim  has  been  that 
their  systems  are  not  susceptible  to  in- 
terference from  signals  originating  in 
other  systems  ;  in  other  words,  they  as- 
sert that  by  suitably  tuning  and  ad- 
justing their  receiving  float  it  will  re- 
spond only  to  one  particular  set  of 
etheric  waves,  and  therefore  it  would 
only  be  necessary  to  employ  their  par- 
ticular system  to  avoid  such  inter- 
ference. This  claim,  however,  has 
been  made  so  frequently  during  the 
past  three  or  four  years  without  any 
practical  evidence  being  adduced  to 
prove  its  accuracy,  that  it  may  be  dis- 
regarded. In  saying  this  it  is  not  dis- 
puted that  appropriate  means  for  ob- 
taining tuning  and  resonance  effects 
are  beneficial  in  securing  the  best  re- 
sults in  long-distance  wireless  signal- 
ing, but  experience  has  shown  that  a 
wireless  system  may  be  so  attuned  as 
to  respond  at  a  greater  distance  to  one 
set  of  waves  than  another  and  yet  be 
responsive  to  other  sets  of  waves  of 
sufficient  strength.  Besides,  it  is  gen- 
erally admitted  that  for  coast  station 
service  a  wireless  system  attuned  to 
respond  to  a  given  set  of  waves  only, 
is  not  desirable,  for  the  reason  that  the 
apparatus  at  such  stations  should  be 
capable  of  responding  to  signals  from 
every  passing  vessel,  regardless  of  the 
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system  employed  on  that  vessel.  For 
a  similar  reason  the  wireless  equip- 
ments on  ships  should  obviously  not 
be  limited  to  one  set  of  waves. 

Doubtless  the  Government  will  also 
desire  to  use  whatever  system  or  what- 
ever combination  of  wireless  systems 
it  may  have  found  to  be  most  efficient 
in  the  practical  experiments  which  its 
various  departments  have  been  carry- 
ing on  for  several  years,  and  as  it  is 
known  that  those  systems  have  been 
found  vulnerable  to  outside  interfer- 
ence from  other  wireless  systems  be- 
yond the  present  control  of  the  Gov- 
ernment, it  is  but  natural,  in  a  situa- 
tion where  the  national  safety  may  at 
sometime  be  endangered,  that  it  should 
be  desired  to  place  the  control  of  all 
coast  stations  under  the  exclusive 
jurisdiction  of  the  Government,  so 
that  all  necessary  experiments  and 
the  systemization  of  the  work  may  go 
on  unhampered.  Whether  this  work 
can  best  be  done  by  the  Army  or  the 
Navy  Departments,  or  by  both  joint- 
ly, remains  to  be  determined. 

It  is,  of  course,  within  the  possibili- 
ties that  further  improvements  in  ap- 
paratus and  methods  will  sooner  or 
later  give  freedom  from  the  interfer- 
ance  referred  to.  Furthermore,  when 
the  telephone  is  used  as  a  receiver  it 
has  been  found  by  De  Forest,  Fessen- 
den  and  others,  that  the  simultaneous 
occurrence  of  two  or  more  sets  of  elec- 
tric waves  does  not  necessarily  pre- 
clude the  reception  of  messages,  inas- 
much as  an  expert  operator  is  fre- 
quently able  to  select  the  signals  in- 
tended for  his  station  and  ignore  the 
others.  But  nevertheless,  such  more 
or  less  conflicting  signals  are  evident- 
ly not  conducive  to  best  results  where 
careful  experiments  are  to  be  made. 

Recognizing,  however,  that  the 
commercial  and  maritime  interests  of 
the  country  are  much  concerned  in  the 
continuance  of  the  present  facilities  af- 
forded by  the  coast  stations  of  private 
wireless  companies,  the  proper  de- 
partment, preliminary  to  obtaining  the 
control  of  all  wireless  coast  signaling, 
proposes  to  take  the  place  of  these 
companies  in  this  matter,  and,  in  fact, 
to  extend  the  use  of  wireless  teleg- 
raphy along  the  coast  by  the  erection 
and  equipment  of  numerous  additional 
stations  on  the  Atlantic  and  Gulf 
coasts  from  Maine  to  the  Dry  Tortu- 
gas,  and  also  to  erect  two  stations  on 
the  Pacific  coast, two  in  the  Philippines 
and  one  at  Honolulu — a  total  of  over 
fifty  such  stations. 

At  all  of  the  coast  stations  the  Gov- 
ernment contemplates  transmitting 
and  receiving  messages  to  and  from 
passing  vessels  without  charge,  but  in 
so  doing  it  is  understood  that  the  Gov- 
ernment will  not  assume  responsibil- 
ity for  the  accuracy  or  prompt  delivery 


of  such  messages.  This  is  a  feature  of 
the  plan  that  perhaps  may  not  work 
out  altogether  satisfactorily,  for  un- 
less some  kind  of  responsibility  is  as- 
sumed for  the  accurate  and  fairly 
prompt  handling  of  telegrams  to  and 
from  passing  vessels,  a  rather  ineffi- 
cient service  may  result.  The  free  ser- 
vice feature  may  also  lead  to  an  ac- 
cumulation of  somewhat  valueless 
messages  to  the  detriment  of  messages 
of  real  importance,  unless  a  judicious 
weeding  out  of  the  important  from  the 
unimportant  messages  could  be  en- 
sured. In  several  European  countries 
the  governments  accept  and  forward 
wireless  messages  to  and  from  passing 
vessels  at  a  fixed  rate,  the  control  of 
this  service  visually  being  under  the 
post  office  departments,  and  so  far  as 
known  this  service  is  satisfactory. 

It  is  probable  that  one  of  the  most 
serious  difficulties  that  will  be  en- 
countered in  the  operation  of  the 'Gov- 
ernment's wireless  telegraph  system 
will  be  to  obtain  proficient  operators 
to  man  the  stations,  a  fact  which  the 
officials  most  concerned  obviously 
fully  appreciate,  as  may  be  judged  by 
the  stipulated  qualifications  of  the 
men  for  whom  the  Chief  Signal  Of- 
ficer of  the  Army  is  now  advertising. 

To  properly  manipulate  the  appa- 
ratus used  in  wireless  telegraphy,  a 
considerable  amount  of  expertness 
and  technical  knowledge  is  required 
on  the  part  of  the  attendant ;  indeed, 
it  may  be  said,  without  exceeding  the 
bounds  of  strict  accuracy,  that  a  high 
degree  of  expertness  is  essential.  It 
will  not  do,  for  instance,  to  suppose, 
as  laymen  are  apt  to  do,  that  the  oper- 
ator of  an  ordinary  Morse  telegraph 
station  will  be  able  off-hand  to  oper- 
ate a  modern  wireless  telegraph  sta- 
tion. Nothing  could  well  be  simpler 
than  the  apparatus  of  a  way-side 
Morse  telegraph  station,  the  outfit  of 
which  comprises  merely  an  easily  ad- 
justed Morse  relay  and  sounder,  a  key 
and  a  cell  or  two  of  •blue-stone  battery. 

It  is  quite  different  in  the  modern 
wireless  telegraph  station,  where  usu- 
ally an  oil  engine  is  employed  to  drive 
a  dynamo-machine  for  setting  up  elec- 
tric waves  and  where  there  are  also 
several  inductance  and  induction  coils, 
and  several  batteries  of  condensers,  be- 
sides the  coherer  or  other  detector,  the 
receiving  relay  and  other  receiving  ap- 
paratus. Or  if  the  oil  engine  and  dy- 
namo-machine are  not  used,  a  storage 
battery  with  means  of  charging  it,  to- 
gether with  large  induction  coils,  vi- 
brators, interrupters,  etc.,  must  be  em- 
ployed. 

The  attendant  at  the  wireless  station 
must,  therefore,  be  capable  of  running 
an  oil  engine  and  a  dynamo-machine, 
and  must  be  able  to  make  small  repairs 
on  those  machines.     He  should  also  be 


thoroughly  familiar  with  the  operation 
of  the  rest  of  the  apparatus  of  the  sta- 
tion, which  is  not  the  simplest  imagin- 
able. Besides  being  a  technical  ex- 
pert, the  wireless  operator  should  also 
be  a  good  Morse  operator  if  he  is  to 
be  expected  to  transmit  all  the  mes- 
sages that  are  to  be  offered  for  trans- 
mission and  reception.  Ordinarily 
these  qualifications,  namely,  that  of 
technical  expert  and  capable  telegraph 
operator,  do  not  require  to  be  com- 
bined in  one  man ;  but  in  wireless 
telegraphy  it  is  almost  an  essential  that 
the  technical  expert  shall  be  able  to 
transmit  and  receive  messages  in  order 
that  he  may  obtain  best  results  in  the 
adjustment  of  the  apparatus.  Further- 
more, if  these  qualifications  are  not 
combined  in  the  one  man,  it  will  mean 
the  employment  of  two  men  at  each 
station  during  presumably  the  greater 
part  of  the  twenty-four  hours  of  a 
day.  While,  therefore,  it  seems  evi- 
dent that  more  than  ordinary  tele- 
graphic skill  will  be  required  to 
operate  the  proposed  wireless  stations, 
there  is  no  doubt  that  men  of  the 
requisite  ability  are  procurable  if  suffi- 
cient inducements  should  be  forth- 
coming. But  whether  these  men  can 
be  found  in  sufficient  numbers  among 
the  enlisted  men  of  the  navy,  and,  if 
found,  can  be  retained  permanently, 
is  perhaps  a  questionable  point. 

Another  very  important  point  to  be 
considered  will  be  the  location  of  the 
various  coast  wireless  stations,  for  in- 
asmuch as  the  best  situation  for  a 
wireless  station  is  directly  on  the  coast, 
such  a  situation  will  place  the  station 
where  it  will  be  most  exposed  to  at- 
tacks from  an  enemy's  warships,  a 
shot  or  two  from  which  en  passant 
would  doubtless  end  the  usefulness  of 
the  station,  by  prostrating  the  mast 
that  upholds  the  vertical  wires  on 
which  the  success  of  the  station  de- 
pends. A  location,  therefore,  not  too 
exposed  and  yet  not  so  far  inland  as 
to  unduly  diminish  the  signaling  dis- 
tance of  the  stations,  will  possibly  be 
sought,  in  addition  to  the  regular 
coast  stations,  and  balloon  and  kite 
equipments  for  emergencies  will,  no 
doubt,  also  receive  attention,  together 
with  many  other  important  details  that 
need  not  be  here  mentioned. 

In  the  event  of  the  enactment  of 
the  proposed  legislation  by  Congress, 
it  seems  evident  that  its  effect  upon 
trans-Atlantic  wireless  telegraphy,  at 
least  by  private  concerns,  may  be  to 
place  it  in  the  background,  unless,  as 
in  the  case  of  the  arrangement  for 
wireless  circuits  from  Key  West  to 
Panama,  Porto  Rico  and  elsewhere,- 
recently  made  between  the  United 
States  Navy  Department  and  the  De 
Forest  Wireless  Telegraph  Company, 
the  right  to  transmit  private  and  com- 
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mercial  business  shall  be  allowed  to 
continue  in  the  hands  of  the  private 
companies,  while  the  Government 
erects  and  controls  the  wireless  sta- 
tions and  has  free  use  of  the  apparatus. 
Such  an  arrangement  would  probably 
aid,  rather  than  embarrass,  the  private 
concerns.  Besides,  there  still  remains 
the  possibility  of  establishing  private 
stations  outside  the  jurisdiction  of  the 
United  States  Government,  should  the 
practicability  of  commercial  transat- 
lantic wireless  telegraphy  be  hereafter 
demonstrated. 

So  far  as  the  general  employment  of 
wireless  telegraphy  is  concerned  in 
what  many  have  stoutly  contended  to 
be  its  natural  field  of  usefulness,  name- 
ly, the  giving  a  long-desired  means  of 
communication  between  ships  at  sea 
and  between  ships  and  the  mainland, 
this  intimated  action  of  the  United 
States  Government  should  not  be  an 
impediment,  but  rather  the  contrary, 
inasmuch  as  it  will  largely  increase  the 
number  of  coast  stations,  will  reduce, 
if  it  does  not  eliminate,  the  cost  of  sig- 
naling to  the  sea-going  public,  and 
will  tend  to  standardize  the  types  of 
apparatus  and  methods  of  signaling, 
which  results  in  themselves  should 
lead  to  a  decided  enhancement  in  the 
general  usefulness  of  wireless  teleg- 
raphy. 


Losses  in  the  Sheaths  of  Alternating- 
Current  Ca.bles 

IT  often  happens  in  electrical  work, 
according  to  M.  B.  Field,  in  a 
paper  read  before  the  London 
Institution  of  Electrical  Engineers, 
that  the  mechanical  engineer  is  pre- 
vented from  making  what  to  him 
appears  a  sound  mechanical  job  by 
reason  of  some  more  or  less  obscure 
electrical  condition  which  would  be 
violated  thereby.  This  is  particularly 
noticeable  when  alternating  currents 
are  being  dealt  with,  and  an  ignorance 
or  disregard  of  some  of  the  peculiar 
properties  of  alternating  currents  fre- 
quently gives  rise  to  most  unexpected 
and  unpleasant  phenomena. 

The  protection  of  a  costly  and  deli- 
cate electric  cable  by  laying  it  in  an 
iron  pipe  is  a  case  in  point.  Mechani- 
cally it  leaves  little  to  be  desired;  and 
if  only  continuous  currents  are  to  be 
carried,  there  is  nothing  to  be  said 
against  the  arrangement  from  the 
electrical  point  of  view ;  but  if  the 
cable  is  used  for  alternating  currents, 
a  quite  new  set  of  conditions  has  to  be 
taken  into  account.  It  is  an  elemen- 
tary fact  that  every  conductor  carry- 
ing a  current  is  surrounded  by  a  mag- 
netic field  proportional  to  the  current, 
and  it  is  equally  well  known  that  any 
variation  of  the  strength  of  the  field 


will  induce  currents  in  a  solid  con- 
ductor or  closed  circuit  lying  within 
the  field. 

Applying  these  facts  to  the  case  of 
a  cable,  we  see  that  every  alternation 
of  the  current  will  cause  a  correspond- 
ing reversal  of  the  surrounding  mag- 
netic flux,  and  thus  currents  will  be 
induced  in  both  the  lead  sheath  and 
the  iron  pipe  through  which  the  flux 
passes.  It  was  taken  for  granted  that 
a  single-core  cable  for  alternating 
current  would  never  be  laid,  in  prac- 
tice, in  an  iron  pipe;  but  this  case  was 
dealt  with  first  as  typical  of  what  oc- 
curs in  a  less  degree  in  the  case  of 
two  and  three-core  cables,  in  which 
the  external  field  is  not  so  pro- 
nounced. 

When  a  single-core  cable  lies  inside 
an  iron  pipe,  the  permeability  of  the 
iron  will  cause  by  far  the  larger  pro- 
portion of  the  magnetic  lines  to  be 
confined  to  the  body  of  the  pipe,  al- 
though a  certain  number  will  lie  both 
inside  and  outside  it.  With  quite  or- 
dinary proportions  of  pipe,  it  will  be 
found  that  with  moderate  currents  the 
induction  is  sufficient  to  cause  a  high 
degree  of  saturation  in  the  iron ;  and 
as  the  magnetization  is  reversed  with 
every  alternation  of  the  current,  the 
hysteresis  losses  are  very  consider- 
able. With  a  maximum  induction  of 
only  10,000  lines  per  square  centi- 
meter and  50  alternations  per  second 
the  hysteresis  loss  in  a  wrought-iron 
pipe  is  of  the  order  of  1  kilowatt  per 
cubic  foot  of  iron. 

If  the  pipe  is  of  appreciable  thick- 
ness, a  further  effect  of  the  alterna- 
tions of  the  current  is  to  induce  eddy 
currents  in  it,  which  flow  longitudi- 
nally along  the  inner  surface  and  re- 
turn along  the  outer.  These  currents 
set  up  their  own  magnetic  field,  which 
opposes  the  main  induction  in  the 
iron,  so  that  the  center  of  the  walls  of 
the  pipe  may  be  almost  or  cjuite  un- 
magnetized.  This  has  the  effect  of 
diminishing  the  hysteresis  losses,  but 
the  ohmic  losses  due  to  the  eddy  cur- 
rents themselves  then  become  a  seri- 
ous matter.  In  the  lead  sheathing  of 
the  cable  we  have  only  to  consider 
eddy  current  losses,  as,  of  course, 
magnetic  hysteresis  does  not  occur. 
The  sheathing  may  be  regarded  as 
made  up  of  a  number  of  parallel  longi- 
tudinal strips,  and  the  eddy  currents 
will  be  induced  along  them,  tending  to 
oppose  the  main  current.  If  the 
sheathing  is  perfectly  insulated,  the 
eddy  currents  will  be  confined  to  the 
surface  of  the  lead,  traveling  along  the 
inner  face,  and  returning  along  the 
outer,  and  vice  versa ;  but  these  cur- 
rents will  not  be  of  any  magnitude  on 
account  of  the  resistance  of  such  a 
path. 

On  the  other  hand,  if  the  ends  of 


the  sheath  are  earthed,  the  return  cir- 
cuit will  be  completed  through  the 
earth,  and  alternating  currents  will 
flow  between  the  ends,  spreading  out 
to  a  great  distance  in  all  directions. 
As,  however,  there  must  be  a  return 
circuit  somewhere,  the  earth  currents 
to  which  it  will  give  rise  will,  to  a 
large  extent,  neutralize  those  of  the 
first  conductor;  and,  in  fact,  we  can- 
not deal  with  the  question  at  all  unless 
the  return  circuit  is  taken  into  ac- 
count, for  otherwise  the  first  conduc- 
tor is  tacitly  assumed  to  form  part  of 
an  infinite  circuit,  lience  the  magnetic 
field  it  sets  up  will  be  infinite,  and  the 
alternations  of  this  field  will  produce 
an  infinite  electromotive  force  be- 
tween the  ends  of  the  sheathing. 

As  this  electromotive  force  opposes 
the  main  current  in  the  cable,  it  is 
clear  that  no  current  can  be  produced 
in  the  cable  unless  the  main  electro- 
motive force  is  of  infinite  magnitude, 
so  that  the  whole  question  becomes 
indeterminate. 

In  considering  a  more  practical 
case,  in  which  the  outgoing  and  return 
cables  are  side  by  side,  Mr.  Field 
pointed  out  that  the  electromotive 
forces  produced  in  the  lead  sheaths 
are  opposite  in  direction,  so  that  if  the 
ends  of  each  sheath  are  connected  to 
earth  or  to  the  ends  of  the  other,  a 
closed  circuit  is  made  in  which  the 
secondary  currents  can  circulate. 

If  the  three-core  cable  is  assumed  to 
be  steel  armored,  or  laid  in  an  iron 
trough,  the  external  field  will  be  large- 
ly increased,  perhaps  to  the  extent  of 
two  or  three  times  its  original  value ; 
and  as  the  losses  depend  upon  the 
square  of  the  field  strength,  these  pos- 
sible sources  of  loss  are  therefore  too 
serious  to  be  neglected  by  engineers. 
The  best  way  to  minimize  the  bad 
effect  of  an  earthed  copper  sheath  is 
to  wind  the  copper  strip  of  which  it  is 
composed  with  a  lay  as  different 
from  that  of  the  cores  as  possible,  and 
then  to  coat  the  strip  with  a  covering 
of  paint  before  putting  on,  the  lead 
sheath. 

There  will  be  quite  sufficient  re- 
sistance in  the  paint  to  prevent  .eddy 
currents  passing  and  repassing  from 
the  copper  to  the  lead,  although '  in 
case  of  failure  of  the  high-tension  in- 
sulation the  presence  of  the  paint 
would  not  impair  the  efficiency  of  the 
earthing  of  the  copper  to  any  appre- 
ciable amount.  An  external  field  will 
also  be  produced  by  concentric  cables, 
unless  the  inner  is  absolutely  central 
with  the  outer  conductor;  and  if  two 
or  more  concentric  cables  are  con- 
nected in  parallel,  any  resistance,  in 
either  the  outers  or  inners,  which 
would  cause  an  uneven  distribution  of 
current  between  them  will  have  the 
same  effect. 
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A  High-Speed  Electric  Railway  from 
Berlin  to  Hamburg 


A 


CCORDING  to  "The  Electrical 
Engineer,"  of  London,  Messrs. 
Siemens  &  Halske  and  the 
Allgemeine  Elektricitats  Gesellschaft, 
of  Berlin,  have  prepared  detailed 
schemes  for  the  construction  of  a 
high-speed  electric  railway  from  Ber- 
lin to  Hamburg,  a  distance  of  180 
miles.  The  former  offer  to  construct 
the  line  for  $17,500,000  single  track, 
or  $26,000,000  double  track,  guaran- 
teeing a  speed  of  100  miles  an  hour. 
The  Allgemeine  Company  is  willing 
to  guarantee  a  speed  of  125  miles  an 
hour,  charging  the  same  fares,  though 
the  cost  of  construction  would  prob- 
ably be  higher.  On  the  basis  of 
Messrs.  Siemens  &  Halske's  figures 
it  is  estimated  that  with  $5  first-class 
fares  and  $3.75  second,  520,000  pas- 
sengers annually  would  make  the 
single  line  and  850,000  the  double  line 
profitable.  As  the  German  Emperor 
is  ambitious  that  Germany  should  be 
the  pioneer  in  this  class  of  traction,  it 
is  considered  rather  probable  that  one 
of  these  schemes  will  be  adopted.  In 
this  connection  it  may  be  noticed  that 
Prof,  von  Borries,  of  the  Technical 
University,  Charlottenburg,  in  deliv- 
ering a  lecture  on  the  subject  of  high- 
speed electric  railways  before  the  Ger- 
man Society  of  Engineers,  expressed 
his  conviction  that  steam  locomotion 
had  reached  the  limit  of  its  capabili- 
ties, and  prophesied  its  supersession 
by  electric.  He  considers,  however, 
that  a  speed  of  95  miles  an  hour  must 
suffice  for  the  present,  any  higher  rate 
entailing  too  great  an  expenditure  of 
energy. 


Large    Water    Power     Development 
a,t    Duluth 

THE  plans  of  the  Great  Northern 
Power  Company,  Duluth, 
Minn.,  have  been  financed,  and 
work  on  the  water  power  development 
of  the  St.  Louis  River  at  Duluth  will 
commence  at  once.  This  is  the  com- 
pany proposing  to  equip  the  iron  ore 
roads  running  between  the  Vermil- 
lion and  Mesaba  ranges  to  the  head 
of  the  lake  with  electricity  for  the 
handling  of  all  trains.  The  scheme 
has  not  been  definitely  settled  as  yet, 
but  may  be  in  the  course  of  a  reason- 
able time.  The  company  will,  how- 
ever, furnish  power  for  uses  about  the 
head  of  the  lake,  and  will  probably 
transmit  power  to  many  of  the  mines 
of  the  Mesaba.  The  initial  develop- 
ment will  be  for  30,000  H.  P.,  and  it 
is  proposed  to  increase  this,  as  re- 
quired, to  a  total  of  considerably  more 
than  100,000  H.  P.,  which  is  available 
at  the  rapids.     These  rapids  have  a 
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fall  of  more  than  500  feet.  A  drop  of 
365  feet  will  be  had  through  the  pipe 
line  of  the  company  from  an  open 
canal  at  the  head  of  the  cliffs  to  the 
river  below.  From  a  70-foot  dam  fur- 
ther down  the  river  the  company  will 
develop  sufficient  direct  hydraulic 
power  to  permit  the  operation  of  one 
of  the  largest  pulp  and  paper  mills  of 
the  United  States,  negotiations  for  the 
erection  of  which  have  been  in  prog- 
ress for  some  time. 


Opening    of    the    New   York   Rapid 
Transit   Subway 

THE  New  York  underground 
railway,  so  it  is  now  an- 
nounced, is  to  be  opened  for- 
mally on  September  1.  Elaborate 
ceremonies,  in  which  the  Mayor  of 
New  York  and  other  city  officers  will 
take  part,  are  to  be  held. 

Work  on  the  Rapid  Transit  Sub- 
way was  begun  in  1900,  when  to  John 
B.  McDonald  was  awarded  the  con- 
tract to  construct  it  and  maintain  it 
for  fifty  years.  Although  it  was  ex- 
pected that  the  subway  would  have 
been  in  operation  some  months  ago, 
the  contract  calls  for  the  completion 
of  the  system  specified  in  contract  No. 
1  four  and  one-half  years  from  the 
time  it  was  signed. 

The  work  has  been  held  up  repeat- 
edly by  strikes,  which  have  prevented 
the  sub-contractors  from  finishing 
their  sections  on  time;  by  unlooked- 
for  difficulties  in  tunnelling  and  ex- 
cavating, and  by  minor  accidents. 
Forty-second  street  proved  the  hard- 
est nut  for  the  contractors  to  crack, 
and  the  street  was  torn  up  for  a  longer 
time  than  any  of  the  other  thorough- 
fares under  which  the  now  almost 
completed  tunnel  runs. 

The  cost  of  the  section  which  is  to 
be  formally  opened  on  September  1 
exceeds  $37,750,000,  the  bonds  of 
which  will  be  retired  at  the  end  of 
fifty  years. 

The  idea  of  an  underground  rail- 
way for  New  York  had  its  inception 
in  the  brain  of  Abram  S.  Hewitt  in 
the  year  1888,  at  which  time  he  was 
Mayor  of  the  city.  Mayor  Hewitt's 
plan  was  not  favorably  received,  but 
it  was  responsible  for  the  passage  of 
the  Rapid  Transit  act  in  1891,  under 
which  the  subway  plans  have  been 
carried  out. 

In  1894  the  Rapid  Transit  act  was 
amended  by  a  clause  putting  the  mat- 
ter to  a  vote  of  the  citizens  of  New 
York,  who  approved  the  plan  of  the 
city  constructing  the  road  and  then 
leasing  it  to  a  corporation. 

The  Rapid  Transit  Commissioners, 
under  the  powers  given  them  by  the 
act  of  i8qi,  chose  as  their  chief  engi- 


neer William  Barclay  Parsons,  who 
has  had  charge  of  the  plans  for  the 
tunnel. 

The  Interborough  Rapid  Transit 
Company  secured  the  lease  of  the 
road  and  will  operate  it. 


New    Electric    Locomotives    for   the 
New  York  Central    Railroad 

NEW  electric  locomotives  for  use 
in  operating  the  trains  of  the 
New  York  Central  and  New 
York,  New  Haven  &  Hartford  Rail- 
roads within  a  radius  of  50  miles  of 
New  York,  are  being  built  at  the 
Schenectady  shops  of  the  General 
Electric  and  American  Locomotive 
Companies. 

The  driving  power  of  each  will  be 
furnished  by  four  600-volt  direct-cur- 
rent gearless  motors,  each  of  550 
horse-power.  This  will  make  the  nor- 
mal rating  of  the  locomotive  2200 
horse-power,  with  a  maximum  rating 
of  about  2800  horse-power,  or  about 
50  per  cent,  greater  than  that  of  the 
largest  steam  passenger  locomotives 
now  in  service. 

The  motors  are  bipolar,  the  magnetic 
circuit,  the  field  windings  and  the 
motor  poles  being  integral  with  the 
locomotive  frame,  and  spring  sup- 
ported. 

The  locomotives  will  be  37  feet  in 
length  over  all.  The  wheel  base  will 
consist  of  four  pairs  of  motor  wheels 
and  two  pairs  of  pony  truck  wheels, 
the  length  of  the  total  wheel  base  being 
2y  feet,  and  of  the  rigid  wheel  base, 
consisting  of  four  pairs  of  motor 
wheels,  13  feet.  The  diameter  of  the 
driving  wheels  will  be  44  inches,  and 
of  the  truck  wheels  36  inches.  The 
driving  axles  will  be  8^  inches  in  diam- 
eter. The  locomotive  will  be  a  double 
ender,  and  will  not  require  the  use  of  a 
turntable. 

The  locomotives  will  be  provided 
with  all  the  usual  accessories  of  a 
steam  locomotive,  including  an  electric 
air  compressor  to  furnish  air  for  the 
brakes ;  they  will  have  whistles,  bells 
and  electro-pneumatic  sanding  de- 
vices and  electric  headlights  at  each 
end.  The  interior  of  the  cab  will  also 
be  heated  by  electric  coils. 

In  actual  performance  these  locomo- 
tives are  expected  to  give  better  results 
than  any  engine  hitherto  placed  upon 
rails.  With  a  light  train  they  are  ex- 
pected to  give  speeds  up  to  75  miles  an 
hour,  and  with  heavier  trains  similar 
speeds  can  be  attained  by  coupling  two 
locomotives  together  and  working 
them  as  a  single  unit.  The  tractive 
force  of  34,000  pounds  will  be  greater 
than  that  of  any  passenger  locomotive 
now  in  existence. 
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The  Telephone  in   Railroad  Service 

THE  increasing  use  of  the  tele- 
phone in  the  business  of  rail- 
roads was  brought  out  clearly 
at  the  recent  annual  convention  of 
Railroad  Telegraph  Superintendents, 
held  at  Indianapolis,  Ind.,  to  which 
reference  is  made  elsewhere  in  this 
issue.  Thus  far  the  telephone  is  not 
used  systematically  for  the  moving  of 
trains,  but  a  decided  step  in  this  direc- 
tion was  made  at  this  meeting  in  the 
appointment  of  a  committee  to  bring 
the  matter  to  the  attention  of  the 
American  Railway  Association,  in  or- 
der that  the  use  of  the  telephone  in 
train  despatching  may  receive  the 
consideration,  and  perhaps  the  sanc- 
tion, of  that  body.  Up  to  this  time 
the  use  of  the  telephone  has  not  been 
authorized  by  the  Railway  Associa- 
tion for  this  purpose,  and  until  it  is  so 
authorized  it  is  not  probable  that  the 
railways  will  generally  adopt  that 
method,  inasmuch  as  the  management 
of  such  roads  are  chary  about  adopt- 
ing innovations  which,  in  the  event  of 
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accidents,  might  lay  the  company 
open  to  the  charge  of  having  em- 
ployed methods  of  operation  that  had 
not  yet  received  general  approval. 

One  of  the  objections,  and  perhaps 
the  main  objection  to  the  employment 
of  the  telephone  in  this  work,  is  the 
difficulty  of  distinguishing  between 
the  sounds  of  some  letters  of  the 
alphabet  in  telephonic  transmission. 
This,  it  is  feared,  might  lead  to  mis- 
takes in  the  reception  of  train  orders 
that  would  result  in  accidents.  In  the 
transmission  of  train  orders  by  tele- 
graph the  words  and  figures  of  a  mes- 
sage are  spelled  out,  and  thus  errors 
from  the  cause  stated  are  not  frequent. 
It  is,  however,  pointed  out  that  on 
double-track  roads  equipped  with 
block  signals,  and  on  which  the  trains 
run  on  a  regular  schedule,  the  need  of 
train  orders  or  train  despatchers  for 
(he  movement  of  trains  is  minimized. 

Another  example  of  the  care  taken 
to  prevent  train  accidents  by  the  mis- 
reading of  train  orders  is  shown  in  the 
precautions  observed  in  the  style  of 
typewriter  approved  on  railroads  for 
use  in  receiving  train  orders.  Thus, 
it  was  found  that  the  old-style  figure 
8,  when  lightly  printed,  sometimes  re- 
sembled the  figure  3.  This  defect  was 
obviated  along  with  other  somewhat 
similar  defects  by  reconstructing  the 
characters  so  that  such  errors  could 
not  occur. 

An  advantage  of  the  employment  of 
the  telephone  in  railroading  is  that  it 
frequently  dispenses  with  the  services 
of  skilled  operators,  and  in  this  way 
many  hundreds  of  dollars  are  saved  to 
the  companies  every  year.  One  of 
the  places  where  the  telephone  is  thus 
used  to  particular  advantage  is  at  long 
sidings  where  trains  may  have  had 
orders  to  await  the  passing  of  other 
trains.  At  such  places  there  is  now 
placed  a  telephone  outfit  contained  in 
a  box  about  2  feet  long  and   1   foot 


wide,  supported  on  a  telegraph  pole. 
The  telephone  outfit  is  in  direct  con- 
nection with  the  train  despatcher.  If 
there  is  any  delay  in  the  arrival  of  the 
expected  train  at  this  siding,  the  con- 
ductor of  the  waiting  train  opens  the 
box  by  a  special  key  with  which  he  is 
provided  and  converses  with  the  train 
despatcher,  who  may  then  order  the 
train  to  proceed  to  the  next  siding  or 
station,  thus  avoiding  the  delay  that 
would  otherwise  have  occurred. 

These  boxes  are  weather-proof,  and 
the  opening  of  the  doors  places  the 
instrument  in  circuit,  while  the  closing 
of  the  door  opens  the  circuit,  both 
automatically.  Somewhat  strange  to 
say,  although  nearly  all  of  these  boxes 
are  stationed  at  points  remote  from 
any  police  supervision,  there  is  no 
case  on  record  where  any  of  them 
have  been  maliciously  or  otherwise 
tampered  with.  One  explanation  of 
this  fact  may  be  that  the  laws  are  very 
severe  in  case  of  tampering  with  rail- 
road property,  and  the  judges  usually 
impose  severe  penalties  when  the  per- 
petrators of  injury  to  such  property 
are  brought  before  them. 

Another  plan  of  giving  trainmen 
prompt  telephonic  communication 
with  headquarters  consists  in  supply- 
ing them  with  portable  telephone  out- 
fits, to  which  are  attached  two  flexible 
insulated  wires  connected  with  two 
long,  light,  telescoping  rods,  at  the 
upper  ends  of  which  the  wires  termin- 
ate in  metallic  clamps.  When,  as  in 
cases  of  accident,  or  at  any  other  time, 
it  is  necessary  for  the  trainmen  to 
communicate  with  the  train  des- 
patcher or  superintendent,  the  clamps 
at  the  ends  of  the  rods  are  connected 
with  a  certain  two  of  the  overhead 
wires  on  the  adjoining  pole  line.  By 
reference  to  blue-print  diagrams  of 
the  pole  line  the  trainman  knows  which 
wires  will  place  him  in  communica- 
tion with  headquarters.     He  can  then 
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call  up  the  desired  officer  and  get  his 
orders  or  state  his  needs. 

In  striking  contrast  to  the  apparent 
indifference  of  the  commercial  tele- 
graph companies  to  the  inroads  that 
the  telephone  is  making  in  the  rail- 
road telegraph  service  is  the  activity 
of  the  telephone  interests  in  further- 
ing the  introduction  and  in  extending 
the  use  of  the  telephone  in  every  pos- 
sible way.  To  this  end  they  have  or- 
ganized railroad  departments  for  the 
special  object  of  supplying  railroad 
companies  with  information,  technical 
and  commercial,  that  may  be  neces- 
sary in  forwarding  the  employment  of 
the  telephone  in  every  branch  of  the 
railroad  service.  Telephone  appara- 
tus, such  as  desk  sets,  for  example,  is 
leased  at  a  nominal  figure,  and  privi- 
leges of  inter-switching  the  railroad 
and  public  service  are  now  granted, 
and  in  many  other  ways  the  favor  of 
the  railroads  is  sought  by  the  telephone 
interests. 

It  was  not  always  thus,  however. 
Indeed,  up  to  within  a  comparatively 
short  time  ago  any  favors  that  the 
railroad  companies,  in  common  with 
the  general  public,  received  from  the 
same  telephone  interests  were  well 
paid  for ;  in  fact  it  will  be  understood 
that  the  allusion  to  nominal  charges  in 
the  preceding  paragraph  means  nomi- 
nal by  comparison  with  the  charges  of 
a  former  period.  The  present  charges 
represent  quite  a  fair  return  on  the  in- 
vestment. But  the  telephone  interests 
have  seen  a  light.  Perhaps  it  will  dawn 
on  the  commercial  telegraph  compa- 
nies in  due  time. 


Electric   Business   Prospects  in  the 
Fslt  EaLSt 

AMERICAN  electrical  engineers 
and  manufacturers  have  not 
made  their  influence  felt  as 
much  in  Russia  as  in  Japan  or  Korea, 
and  it  is  not  likely  that  for  the  present 
there  will  be  any  great  improvement 
in  this  respect;  but  Siberia  and  Man- 
churia eventually  must  prove  a  field 
for  electrical  development  that  will  at- 
tract a  good  deal  of  attention.  Ger- 
man electrical  engineers  and  manufac- 
turers have  made  more  headway  in  Si- 
berian Russia  and  Manchuria  than 
any  other  of  the  Europeans,  and  from 
Omsk  to  Vladivostok  there  are  elec- 
trical stations  equipped  with  machin- 
ery and  motors  of  German  design  and 
make.  Vladivostok  and  Port  Ar- 
thur were  rapidly  becoming  the  most 
important  centers  for  electrical  devel- 
opment in  Russia's  far  eastern  do- 
main, and  there  were  upward  of  half 
a  hundred  firms  in  each  city  directly 
interested  in  electrical  supplies  of 
some  kind.     Dutch  and  German  deal- 


ers in  electrical  supplies  had  built  up 
a  good  business  in  each  of  these 
places. 

The  question  of  what  effect  the 
war  between  Russia  and  Japan  will 
have  on  the  electrical  trade  in  the  Far 
East  is  one  that  is  intimately  appeal- 
ing to  numbers  of  manufacturers  and 
exporters  of  electrical  equipments 
in  this  country.  Should  Port  Ar- 
thur, Korea  and  Manchuria  be  "Jap- 
anized,"  the  effect  would  undoubtedly 
prove  beneficial  to  this  country,  for 
the  Japanese  have  always  favored 
American  electrical  products.  A 
good  many  Japanese  engineers  were 
educated  in  American  technical  col- 
leges, and  it  is  only  natural  that  they 
should  favor  the  electrical  products  of 
the  design  with  which  they  are  most 
familiar.  The  slight  beginning  made 
in  Korea  by  American  firms  should 
likewise  open  up  that  country  to  still 
further  usefulness  in  this  respect, 

Manchuria  and  Siberia  are  vast  un- 
cultivated fields  for  electrical  exploita- 
tion that  must  soon  enter  largely  into 
economic  questions  of  the  Far  East. 
Electric  light  and  power  plants  are 
distributed  along  the  line  of  the  trans- 
Siberian  railroad.  At  Harbin  and 
Mukden  there  are  electric  power  and 
manufacturing  plants  which  the  Rus- 
sian forces  are  now  utilizing  for  their 
purposes.  At  Tomsk,  Omsk,  Irkutsk 
and  Ctretensk  central  stations  are  lo- 
cated which  supply  current  for  manu- 
facturing and  lighting  purposes.  Most 
of  these  were  installed  and  equipped 
by  firms  from  central  or  European- 
Russia;  but  on  the  whole  there  has 
been  little  attempt  to  develop  Siberian 
trade.  This  has  languished,  and  yet 
in  a  climate  such  as  that  country  has, 
electricity  is  of  the  utmost  import- 
ance. 

Most  of  the  Siberian  power  plants, 
whether  operated  by  steam  or  electri- 
city, use  liquid  fuel.  Oil  is  carried 
from  the  Baku-Batoum  district  to  the 
towns  and  cities  on  the  line  of  the 
trans-Siberian  railroad,  and  is  stored 
at  convenient  places.  It  is  the  most 
convenient  fuel  to  transport,  and  the 
coal  mines  have  not  yet  reached  a 
state  of  development  to  enter  actively 
in  competition  with  oil  in  the  regions 
where  this  fuel  is  plentiful.  The 
water-power  of  Siberia  and  European- 
Russia  is  seriously  handicapped  by 
the  climate.  For  six  or  seven  months 
in  the  year  ice  would  make  even  the 
rapids  of  the  Volga  and  Neva  difficult 
to  utilize  for  generating  electric 
power,  though  in  the  few  summer  and 
spring  months  it  might  be  ample  for 
even  large  demands. 

Russians  are  slow  to  impart  infor- 
mation concerning  their  work  or 
plans  for  the  future.  There  is  univer- 
sal suspicion,  and    everyone    is    close 


mouthed.  The  owner  of  an  electric 
plant  is  never  ready  to  answer  simple 
engineering  questions  put  with  no 
ulterior  purpose  other  than  that  of 
seeking  scientific  information.  Rus- 
sia is  a  country  that  needs  develop- 
ment, and  it  is  the  one  that  least 
favors  those  foreigners  who  are  seek- 
ing to  spend  money  in  opening  up 
new  industries. 

This  was  made  apparent  in  the 
Baku  oil  districts  when  American  cap- 
ital sought  to  develop  the  industry. 
There  was  universal  opposition  to  the 
establishment  of  pipe  lines,  and  later 
when  American  engineers  undertook 
to  establish  long-distance  electric 
transmission,  using  the  oil  fuel  for  de- 
veloping power,  and  running  the  lines 
to  adjacent  mining  and  manufactur- 
ing districts,  they  were  discouraged  on 
every  side.  It  is  the  Russian  fear  of 
foreigners  securing  rights  and  control 
of  resources  which  in  time  they  might 
need  and  want  to  develop  themselves. 

The  electrical  engineer  in  Russia  or 
Siberia  is  a  poorly  paid  functionary, 
and  central  station  mechanics  and  elec- 
tricians are  on  as  low  a  plane  as  tele- 
graph operators.  None  of  these  are 
paid  wages  that  have  an  equivalent 
purchasing  power  in  American  money 
of  more  than  $25  to  $35  per  month. 
The  grade  of  the  workers  is  naturally 
inferior,  and  there  is  little  opportunity 
for  foreigners  ever  to  shine  in  this  line. 
Even  the  station  and  factory  superin- 
tendents receive  pay  that  would  dis- 
courage Americans.  The  clays  are 
long,  the  work  is  oftentimes  arduous, 
the  climate  cold  and  uncongenial  and 
the  outlook  generally  unsatisfactorv. 

And  yet  the  Russian  character  is 
one  that  has  its  admirable  qualities, 
and  in  time  the  Slav  race  may  excel 
in  electrical  and  engineering  work. 
The  great  resources  of  the  countrv  to- 
day offer  such  a  fair  field  for  the  de- 
velopment of  iron,  steel,  coal  and  elec- 
trical industries,  with  all  others  de- 
pendent upon  them  for  their  life,  that 
foreigners  grow  impatient  at  the  in- 
difference of  the  natives.  Germans, 
Austrians,  Belgians  and  the  French 
have  made  some  headway  in  opening 
up  these  industries  in  Siberia ;  but  the 
English  and  Americans  have  practic- 
ally little  foothold.  The  stations  at 
present  established  are  equipped  with 
boilers,  engines,  turbines  and  generat- 
ors bearing  marks  of  the  best  Euro- 
pean makers. 

Electricity  for  power  and  for  light- 
ing has  certainly  become  a  permanent 
factor  in  the  development  of  Siberia 
along  the  line  of  the  trans-Siberian 
railroad,  and  it  is  gradually  developing 
the  resources  of  Manchuria.  This  lat- 
ter province,  as  well  as  the  rest  of 
China,  Korea  and  Japan,  will  be  the 
great  industrial  battle-ground  for  the 
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future.  Whatever  the  result  of  the 
present  war  may  be,  conditions  will 
be  changed.  Russia,  seeing  the  great 
advantage  obtained  by  Japan  through 
her  adoption  of  modern  improve- 
ments, will  awaken,  and  if  she  retains 
her  far  eastern  possessions  she  will 
probably  admit  competition  more 
generally.  If  Japan's  influence  pre- 
dominates, there  will  be  little  question 
about  the  opportunities  of  America  in 
building  up  trade. 

The  engineering  problems,  both 
electrical  and  others,  which  press  for 
solution  in  Siberia  and  Manchuria 
are  of  the  most  difficult  and  intricate. 
The  climate,  resources  and  natural 
conditions  of  the  country  offer  a  field 
which  calls  for  the  highest  talent. 
Telegraph  and  telephone  lines  run 
across  the  most  barren  country  of  the 
world,  and  in  winter  they  are  most 
difficult  of  construction  and  mainte- 
nance. Electric  lines  cannot  be  con- 
structed and  maintained  without  pro- 
tective equipment  scarcely  known  in 
any  other  land.  Insulating  material 
must  be  provided  that  will  not  crack 
or  warp  when  the  mercury  is  30  or 
50  degrees  below  zero,  and  at  the 
same  time  it  must  possess  sufficient 
elasticity  to  retain  its  normal  condi- 
tions in  hot  summer  weather.  This 
has  been  a  difficult  electrical  problem 
in  Northern  Siberia  and  Manchuria. 
A  good  deal  of  the  material  used  for 
wires  has  cracked  and  split  in  the  ex- 
treme winters.  Some  American  insu- 
lating material  used  at  Tomsk  and 
Omsk  has  withstood  the  test  better 
than  anything  made  in  Germany  or 
France.  This  simple  fact  may  eventu- 
ally prove  the  entering  wedge  that  will 
induce  the  Russians  to  try  other 
American  supplies  as  well. 

A  study  of  electrical  conditions  in 
Siberia  and  Manchuria  shows  that 
there  is  much  for  the  natives  to  learn 
and  adopt  before  their  resources  can 
be  brought  up  to  a  par  with  those  of 
the  smallest  of  European  nations. 
European-Russia  has  been  in  closer 
contact  with  the  continental  countries 
and  the  different  establishments  there 
have  reached  a  much  higher  level  in 
their  work;  but  Siberia  is  a  great  un- 
developed country  that  has  been  ne- 
glected. Its  invasion  must  come  from 
the  far  eastern  side,  passing  through 
Manchuria  and  along  the  line  of  the 
Siberian  railroad.  It  is  a  realization 
of  this  fact  that  makes  the  present  war 
such  an  important  one  from  a  com- 
mercial point  of  view. 

Eventually  Japan  may  prove  a  com- 
mercial power  that  may  strongly  com- 
pete with  Europeans  and  Americans, 
but  it  is  not  yet  prepared  to  offer  elec- 
trical equipments  likelv  to  be  for- 
midable. Indeed,  Japan  is  a  great 
market  for  American  electrical  prod- 


ucts, and  her  engineers  are  among  the 
most  progressive  in  the  world,  iheir 
adoption  of  the  best  in  the  manufac- 
turing world  has  proved  of  the  great- 
est value  to  them  in  the  present  war, 
and  it  probably  illustrates  the  national 
mind  better  than  anything  else. 

Gas  for  illumination  has  made  little 
progress  in  the  Far  East.  The  kero- 
sene oil  lamp  serves  in  the  country 
districts,  but  in  the  towns  and  cities 
something  better  is  demanded.  Elec- 
tricity has  there  proved  the  most  effi- 
cient and  satisfactory  of  all  lighting 
methods.  Whether  electric  manufac- 
turing and  electric  railways  will,  how- 
ever, prove  as  popular  in  the  next  few 
years  as  they  have  in  the  near  past,  is  a 
question  that  cannot  be  easily  an- 
swered; but  the  success  of  the  Ameri- 
can electric  railway  in  Seoul,  Korea, 
argues  favorably  that  in  time  this 
method  of  rapid  transit  will  become 
well  established  in  Siberia,  Manchuria, 
China  and  Japan. 

Electrical  technical  literature  is  as 
scarce  in  these  far  eastern  countries 
as  popular  fiction,  and  this  is  practi- 
cally non-existent.  No  periodicals  are 
published  there  and  few  foreign  publi- 
cations find  their  way  into  the  country 
beyond  the  few  seaport  towns.  Under 
such  conditions  the  development  of 
engineering  industries  appears  handi- 
capped. 


Preventing    Pole   Line  Collapses 

MANY  suggestions  have  been  of- 
fered to  prevent  the  wholesale 
collapse  of  telegraph,  tele- 
phone and  transmission  lines  during 
blizzards,  or  on  the  occasion  of  sleet 
or  wind  storms,  but  not  all  have 
been  successful  in  practice  and  some 
are  impracticable.  One  method  re- 
cently referred  to  in  these  pages, 
namely,  the  bracing  of  poles  for 
electric  transmission  by  means  of 
head  guys  from  one  pole  to  another, 
has  been  tried  and  found  wanting, 
while  parallel  pole  lines  protected  by 
side  guys  had  remained  standing  un- 
der similar  conditions. 

The  use  of  two  poles  side  by  side 
and  braced  against  each  other,  with 
the  cross-arms  supported  between 
them,  has  been  frequently  advocated, 
but  has  not  been  put  into  practice  in 
this  country.  On  a  section  of  tele- 
graph line  along  the  Lackawanna 
Railroad,  about  21  miles  in  length,  on 
the  plateau  of  the  Pocono  Mountains, 
2000  feet  high,  a  great  deal  of  trouble 
nas  been  occasioned  by  the  sleet- 
storms  and  high  winds  that  frequent 
that  locality  in  the  winter  season.  The 
line  had  50  poles  to  the  mile  and  car- 
ried 24  telegraph  and  telephone  wires 
on  four  cross-arms.     It  was  decided 


to  test  the  efficacy  of  doubling  the 
number  of  poles  to  the  mile,  which 
was  done,  with  the  result  that  during 
the  past  two  winters  the  wires  have 
stood  up  continuously.  In  fact,  there 
has  not  even  been  a  "swing"  or 
"cross"  reported  on  the  section  in 
question  since  the  change  referred  to 
was  made,  the  short  span  between  the 
poles  preventing  the  wires  from  sway- 
ing sufficiently  to  come  together. 

The  only  objections  that  can  be  of- 
fered to  this  plan  of  overcoming  the 
difficulty  mentioned  are  first  cost  and 
possible  diminished  insulation  resist- 
ance of  the  wires,  owing  to  the  added 
poles  and  cross-arms.  The  first  cost 
feature  may  be  dismissed,  as  the  ex- 
pense of  repairing  the  line  after  one 
severe  collapse  is  fully  equal  to  its 
original  cost.  The  decreased  insula- 
tion resistance  in  the  case  cited  would 
at  most  be  equal  only  to  increasing 
the  total  length  of  the  circuits  by  21 
miles,  an  amount  which  is  insignifi- 
cant in  telegraph  practice.  The  ten- 
dency, however,  in  the  case  of  trans- 
mission lines  has  been  toward  heavy 
poles  or  towers  at  much  greater  dis- 
tance apart  than  formerly. 

The  doubling  of  the  number  of  poles 
on  this  section  of  the  popular  "road  of 
anthracite"  has  more  than  once  had  the 
effect  of  procuring  for  the  road,  an 
enviable  reputation  for  high  speed  and 
smooth  traveling,  in  the  following 
way : — Statistics  usually  allow  45  to  50 
telegraph  poles  to  the  mile,  and  it  is  a 
common  practice  for  people  of  a 
mathematical  bent  to  calculate  by  the 
aid  of  a  stop  watch  and  the  number 
of  poles  passed  in  a  given  time,  the 
speed  of  the  train.  Seeing  the  poles 
passing,  or  seemingly  passing  like  a 
picket  fence  at  the  point  in  question, 
the  usual  calculation  is  made,  with  the 
result  that  it  is  discovered  that  the 
train  is  apparently  traveling  at  the 
rate  of  95  to  100  miles  per  hour,  and 
the  mathematician  announces  this 
speed  as  an  accurate  record  to  his 
friends  in  due  course. 


Through  the  agency  of  a  direct  tele- 
phone service  Rev.  Dr.  Russell  H. 
Conwell  recently  preached  to  all  the 
patients  in  the  Samaritan  Hospital  in 
Philadelphia  and  at  the  same  time  to 
an  audience  that  filled  the  auditorium 
of  the  Baptist  Temple.  More  than 
fifty  patients,  in  the  various  wards  of 
the  hospital,  with  telephone  receivers 
at  their  ears,  heard  Dr.  Conwell  tell 
his  audience  in  the  Temple,  nearly  2 
miles  away,  of  the  developments  in 
science,  art,  literature  and  religion 
that  have  been  born  of  sickness.  The 
telephone  connection  with  the  hos- 
pital will  be  improved  and  made  per- 
manent. 
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IlKimineJ:ioi\  at  tHe  St.  Loviis  Exposition 

The    Incandescent   Lamp  in  Decorative  Service 

By     A     STAFF     CORRESPONDENT 


THE  great  expositions  that  have 
occurred  at  frequent  intervals 
during  the  past  quarter  cen- 
tury, marking  like  mile-stones  the 
epochs  of  the  world's  activities,  have 
each  surpassed  the  preceding  ones  in 
almost  every  particular. 

The  merits  of  every  phase  of  such 
expositions  are  passed  upon  by  com- 
parison with  previous  efforts  in  the 
same  line,  and  thus  it  is  that  the  visitor 
to  the  St.  Louis  Exposition  finds  an 
expression  of  merit  only  in  terms  of 
the  impression  produced  by  some  other 
exposition  he  has  visited. 

The  aim  of  the  directors  of  the  St. 
Louis  enterprise  has  been,  from  the 
first,  to  surpass  in  every  particular  the 
marks  set  by  the  wonderful  White 
City  at  Chicago  in  1893,  the  Paris  Ex- 
position in  1900,  and  the  small,  but 
beautiful  creation  at  Buffalo  in  1902, 
the  electrical  features  of  which  were, 
at  that  time,  the  most  brilliant  ever 
produced.  That  this  might  be  done, 
the  best  available  men  were  picked  to 
fill  the  various  executive  positions,  and 
the  selection  of  Henry  Rustin  as  chief 
electrical  engineer  was  but  an  acknowl- 
edgement of  his  eminently  successful 
work  at  Buffalo,  where,  with  limited 
means,  splendid  effects  were  produced. 

When     Mr.     Rustin     assumed     his 

6—8 


duties  at  St.  Louis,  he  found  a  prob- 
lem confronting  him  that  was  not,  with 
all  his  experience  in  exposition  work, 
capable  of  rapid  or  easy  solution.  The 
main  buildings  of  the  exposition  are 
grouped  on  avenues  that  radiate  from 
a  common  center,  composing  what  is 
termed  the  "main  picture,"  and  natur- 
ally the  architecture  of  each  building 
differs  widely  from  that  of  the  others. 
The  whole  being  under  the  censorship 
of  the  director  of  works,  harmony  was 
assured  on  that  point ;  but  when  one 
man  is  called  on  to  conceive  and  work 
out  the  illumination  of  a  group  of  such 
buildings,  and  have  it  in  keeping  with 
the  architectural  expression  of  each 
designer,  and  at  the  same  time  blend 
all  into  a  harmonious  whole,  the  com- 
plexity of  the  problem  becomes  ap- 
parent. 

At  the  focus  of  the  fan-shaped  ar- 
rangement of  the  main  avenues  of  the 
exposition  is  located  Festival  Hall,  a 
circular  building  surmounted  by  a 
dome,  the  structure  standing  on  an 
elevation  of  nearly  a  hundred1  feet.  To 
the  right  and  left,  forming  almost  a 
semi-circle,  are  colonnades,  terminat- 
ing in  smaller  circular  buildings,  im- 
mediately in  front  of  which  are  the 
auxiliary  cascades.  The  main  cascade, 
the  great  electro-aquatic  feature  of  the 


exposition,  begins  its  plunge  high  up 
in  front  of  the  main  doorway  of  Festi- 
val Hall.  The  water  appears  to  come 
from  the  heart  of  a  gigantic  shell,  the 
opening  of  which  is  over  10  feet 
across,  falls,  in  a  sheet  nearly  a  foot 
thick,  into  a  basin  immediately  be- 
neath, and  from  this  into  a  succession 
of  ever  widening  spills,  finally  reach- 
ing the  Grand  Basin  in  a  sheet  nearly 
200  feet  long. 

The  original  idea  contemplated  the 
use  of  Cooper-Hewitt  lamps  placed 
under  the  spills,  the  effect  sought  being 
to  transform  the  falling  sheet  of  water 
into  a  phosphorescent  mass,  but,  as  it 
was  found  impracticable  to  make  use 
of  the  mercury  vapor  lamps  in  this 
manner,  incandescent  lamps  of  an 
emerald  hue  were  substituted,  and  the 
result  is  most  satisfactory.  The  water 
being  in  quantity  great  enough  to  de- 
stroy the  identity  of  the  individual 
points  of  light,  the  entire  body  of  water 
assumes  an  emerald  color,  which  is  re- 
tained until  the  water  reaches  the  level 
of  the  Grand  Basin. 

A  departure  from  all  previous 
methods  of  illumination  has  been 
worked  out  by  Mr.  Rustin,  and  al- 
though but  a  few  tests  have  been  made, 
these  serve  to  indicate  the  gorgeous 
effect  that  will  accompany  the  com- 
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THE  VARIED  INDUSTRIES   BUILDING 


pletion  of  this  feature.  Briefly,  the 
scheme  consists  in  having  a  triple 
socket  in  place  of  the  single  socket 
ordinarily  used,  each  one  to  contain 
lamps  colored  emerald,  amethyst  and 
yellow.  These  sockets  are  installed 
only  on  the  columns  constituting  a  part 
of  the  Terrace  of  States,  and  are  con- 
nected to  a  balanced  three-phase  sys- 
tem, with  a  common  neutral ;  that  is, 
the  lamps  of  each  color  are  balanced, 
and  are  under  the  separate  control  of 
the  operator.  With  these  three  colors 
under  rheostatic  control,  the  number 
of  combinations  is  almost  endless,  and 
the  effects  can  be  realized  only  when 
seen. 

The  cascades  being  the  main  feature 
of  the  exposition's  day  picture,  it  was 
natural  that  Mr.  Rustin  should  concen- 
trate his  efforts  to  make  them  the 
"piece  de  resistance"  at  night,  and, 
although  many  difficulties  have  been 
encountered,  they  have  almost  without 
exception  been  overcome.  Pictures 
give  but  a  faint  conception  of  the  mag- 
nificence of  the  illumination. 

Current  is  generated  in  the  power 
plants  in  Machinery  Hall,  the  load 
being  assumed  by  a  5000-H.  P.  Allis- 
Chalmers-Bullock  unit  and  four  West- 


inghouse  2000-K.  W.  units,  these  lat- 
ter constituting  the  Exposition  Power 
Plant,  the  former  being  one  of  the 
units  of  the  Exhibitor's  Power  Plant. 
Steam  for  the  engines  is  furnished  by 
a  collection  of  boilers  of  various  makes, 
installed  in  the  Steam,  Gas  and  Fuel 
Building,  just  west  of  Machinery  Hall. 
These  installations  represent  the  most 
modern  practice  in  every  respect,  and, 
taken  collectively,  constitute  the 
largest  temporary  power  plant  ever 
erected.  The  illumination  of  the  ex- 
hibit buildings,  together  with  the 
power  load,  averages  about  ten  thou- 
sand horse-power,  about  nine  thousand 
horse-power  being  utilized  for  lighting 
alone. 

The  current  is  generated  at  6600 
volts,  and  is  distributed  through  sub- 
way and  conduits  to  the  various  sub- 
stations, located  in  each  of  the  exhibit 
palaces  and  at  other  load  centers,  at 
which  points  it  is  stepped  down  to  no 
volts.  The  feeders  from  the  sub-sta- 
tions are  arranged  in  sections,  each 
quarter  of  the  building  being  under  the 
control  of  a  separate  switch,  and  the 
final  division  takes  places  in  wooden 
cabinets  located  at  the  proper  electrical 
points.    The  construction,  while  repre- 


senting economy  in  every  detail,  has 
been  carefully  carried  out,  and  has,  up 
to  the  present  time,  given  almost  no 
trouble.  All  of  the  feeders  are  carried 
in  cleats,  and  knobs  are  used  for  the 
smaller  wire. 

The  lamps  are  of  eight-candle- 
power,  and  are  placed  on  15-inch  cen- 
ters, with  the  exception  of  those  on  the 
dome  of  Festival  Hall,  where  a  much 
closer  spacing  is  used.  The  candle 
power  and  the  spacing  of  the  lamps 
were  adopted  as  the  result  of  careful 
photometric  tests  and  the  experience 
of  previous  installations  of  similar 
character,  the  intention  being  to  carry 
out  the  architectural  idea  in  a  soft  and 
pleasing  manner,  avoiding  concentra- 
tion of  light  at  any  particular  point, 
except  in  rare  cases.  With  the  same 
end  in  view,  the  lighting  was  confined 
to  incandescent  lamps,  no  arc  lamps 
being  used  except  in  remote  portions 
of  the  grounds,  where  they  do  not 
enter  largely  into  the  lighting  scheme. 
It  is  interesting  to  note  that  the  low 
frequency  of  25  cycles  is  not  noticeable, 
except,  perhaps,  to  the  trained  eye,  al- 
though considerable  comment  resulted 
from  the  announcement  that  this 
would  be  used. 
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As  might  be  expected,  the  Palace  of 
Electricity  is  the  most  brilliant,  and 
the  most  perfectly  illuminated  building 
on  the  grounds,  its  cornice  and  roof 
lines  being  marked  by  thousands  of 
lamps,  placed  in  the  Greek  honey- 
suckle ornaments  that  follow  those 
lines.  The  effect  is  that  of  a  fairy 
palace,  and  is  quite  unlike  that  with 
the  straight  rows  of  lamps  found  on 
the  other  buildings.  All  told,  over 
twelve  thousand  lamps  were  required 


St.  Louis  in  September.  In  America 
a  number  of  these  co-operating  bodies 
are  to  hold  simultaneous  conventions 
in  Si.  Louis  during  the  Congress 
week,  and  to  hold  joint  sessions  with 
specified  sections  of  the  Congress  on 
definitely  appointed  days.  Other  bod- 
ies are  not  going  so  far  as  to  hold 
simultaneous  conventions  and  joint 
sessions,  but  have  accepted  their  in- 
vitations to  send  delegates  to  the  Con- 
gress.    Invitations  to  send  delegates 


triciens  and  the  Swiixerischer  Elek- 
trotechnischer  Verein. 

It  is  expected  that  the  Institution  of 
Electrical  Engineers  of  Great  Britain, 
and  the  Electrotechnischer  Verein;  of 
Berlin,  will  also  send  delegates. 

It  is  hoped  that  other  European 
national  electrical  bodies  will  also  co- 
operate. The  delegates  accredited  to 
the  Congress  from  various  co-operat- 
ing bodies  are  not  expected  to  be 
called  upon  to  vote   upon  any  ques- 


LOOKING  DOWN  ONE  OF  THE  WATERWAYS  IN  THE  ST.  LOUIS     EXPOSITION    GROUNDS 


to  fill  the  sockets  on  this  building,  and 
approximately  two  hundred  and  fifty 
thousand  were  required  for  the  entire 
installation. 

The  most  attractive  glimpses  of  the 
exposition  at  night  have  been  repro- 
duced in  several  illustrations  accom- 
panying this  article  and  in  the  double- 
page  supplement  plate. 


The  International  Electric  Congress 
a.t  St.  Louis 

A  NUMBER  of  national  electrical 
bodies   have   already  arranged 
to   co-operate   in   the    Interna- 
tioal  Electrical  Congress,  to  be  held  at 


have  been  forwarded  to  thirty  national 
electrical  and  scientific  bodies  all  over 
the  world,  and  the  following  ones 
have  already  promised  to  hold  simul- 
taneous conventions  and  joint  ses- 
sions:— The  American  Institute  of 
Electrical  Engineers,  the  American 
Electrochemical  Society,  the  Ameri- 
can Physical  Society,  the  Interna- 
tional Association  of  Municipal 
Electricians,  and  the  American  Elec- 
trotherapeutic  Association.  Dele- 
gates will  be  sent  to  the  Congress  by 
the  National  Electric  Light  Associa- 
tion and  the  Association  of  Edison 
Illuminating  Companies. 

European  delegates  will  come  from 
the  Societe  Internationale  des  Elec- 


tions of  national  importance.  All 
matters  concerning  units,  standards, 
etc.,  will  lie  within  the  province  of  the 
Chamber  of  Government  delegates. 

All  delegates  of  the  co-operating 
bodies  are  invited  to  read  papers  be- 
fore any  section  of  the  Congress  they 
select.  Such  papers  will  be  printed  in 
the  Congress  transactions  as  being 
offered  by  the  delegate  on  behalf  of 
the  co-operating  body.  The  paper 
and  discussion  thereon  will  subse- 
quently be  offered  by  the  Congress  to 
the  co-operating  body  for  incorpora- 
tion in  its  own  transactions,  if  desired. 

The  delegates  of  the  American  In- 
stitute of  Electrical  Engineers  and 
their  papers  to  the  Congress  are  Mr. 
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Ralph  D.  Mershon,  who  will  read  a 
paper  on  "The  Maximum  Distance  to 
which  Power  can  be  Economically 
Transmitted";  Professor  M.  I.  Pupin, 
who  will  have  a  paper  on  "Electric 
Impulses  and  Multiple  Oscillators" ; 
and  Professor  C.  P.  Steinmetz,  who 
will  discuss  "The  Theory  of  the 
Single-Phase  Motor." 

The  delegates  of  the  Electrochemi- 
cal Society  and  their  papers  will  be 
Prof.  W.  D.  Bancroft,  "The  Chemis- 
try of  Electroplating";  Prof.  H.  S. 
Carhart  (with  Dr.  G.  A.  Hulett),  "The 
Preparation  of  Materials  for  Standard 
Cells  and  their  Construction";  and 
Prof.  L.  Kahlenberg,  "The  Electro- 
chemical Series  of  the  Metals." 

The  delegates  of  the  National  Elec- 
tric Light  Association  and  their  pa- 
pers to  the  Congress  will  be  Mr.  Geo. 
Eastman,  "Protection  and  Control  of 
Large,  High-Tension  Distributing 
Systems";  Mr.  G.  Ross  Green, 
"American  Meter  Practice";  and  Dr. 

F.  A.  C.  Perrine,  "American  Practice 
in  High-Tension  Line  Construction 
and  Operation." 

The  delegates  of  the  Association  of 
Edison  Illuminating  Companies  and 
their  papers  to  the  Congress  will  be 
Mr.  W.  C.  L.  Eglin,  "Rotary  Con- 
verters and  Motor  Generators  in  Con- 
nection with  the  Transformation  of 
High-Tension  Alternating  Current  to 
Low-Tension  Direct  Current";  Mr.  L. 
A.  Ferguson,  "Underground  Electri- 
cal Construction";  and  Mr.  Gerhard 
Goettling,  "Storage  Batteries  as  an 
Adjunct  to  Station  Equipment."  The 
delegates  and  papers  of  the  other  co- 
operating bodies  have  not  yet  been 
decided  upon. 

In  response  to  invitation,  the  fol- 
lowing foreign  Governments  have 
appointed  delegates: — 

Switzerland — Prof.  Ferdinand  We- 
ber, Prof.  Francois  Louis  Schule. 

Norway  and  Sweden — Prof.  G.  Arr- 
henius. 

India— Mr.  J.  C.  Shields. 

Mexico — Mr.  Rafael  R.  Arizpe. 

The  appointments  from  Great  Brit- 
ain, France,  Germany,  Austria-Hun- 
gary, United  States,  Belgium,  Italy, 
Denmark,  Spain,  Portugal,  Australia, 
Japan,  China,  Brazil,  Chili  and  Peru 
have  not  yet  been  made. 

The  following  are  the  programmes 
of  papers  promised  for  sections  F  and 

G.  Similar  programmes  of  Sections 
A,  B,  C,  D  and  E  have  already  been 
published: — 

Section  F.  Electric  Transportation 
—Chairman,  Dr.  Louis  Duncan;  sec- 
retary, Mr.  H.  A.  Armstrong;  Ernst 
Danielson,  "Theory  of  Compensated 
Repulsion  Motor";  Philip  Dawson, 
Esq.,  "Electrification  of  British  Rail- 
ways"; Herr  F.  J.  Eichberg,  "Single- 
Phase  Electric  Railways";  Prof.  Dr. 


F.  Niethammer,  "Alternating  vs.  Di- 
rect Current  Traction";  Prof.  Dr. 
Rasch,  "The  Puffer  Machine  in  Rail- 
way Service  and  its  most  Suitable 
Control";  A.  H.  Armstrong,  "The 
Electrification  of  Steam  Lines";  B.  J. 
Arnold,  "Electric  Railways";  Louis 
Duncan,  "General  Review  of  Railway 
Work";  J.  B.  Entz,  "The  Storage 
Battery  in  Electric  Railway  Service"; 
C.  O.  Mailloux,  to  be  announced;  E. 
H.  McHenry,  "Some  Qualifications 
of  Electric  Railway  Equipment  for 
Trunk  Lines;"  R.  A.  Parke,  "Braking 
High-Speed  Trains";  W.  B.  Potter, 
"Electric  Railways";  F.  J.  Sprague, 
"The  History  and  Development  of  the 
Electric  Railway";  L.  B.  Stillwell, 
"Notes  on  the  Electrical  Equipment 
of  the  Wilkesbarre  &  Hazleton  Rail- 
way Company";  H.  G.  StOtt,  "Central 
Station  Economics  and  Operation"; 
W.  J.  Wilgus,  "Equipping  the  Cen- 
tral Terminal." 

Section  G.  Electric  Communica- 
tion-— Chairman,  Mr.  F.  W.  Jones; 
secretary,  Mr.  B.  Gherardi;  Senor 
Don  Julio  Cevera  Baviera,  "Electric 
Communications  in  Spain";  Dr.  J.  A. 
Fleming,  F.R.S.,  "The  Present  State 
of  Wireless  Telegraphy";  John  Hes- 
keth,  "A  New  Danger  to  Lead-Cov- 
ered Aerial  Telephone  Cables";  Herr 
Joseph  Hollos,  "Simultaneous  Tele- 
graphy and  Telephony";  Saitaro  Oi, 
"Telephony  and  Telegraphy  in 
Japan";  V.  Poulsen,  "System  for  Pro- 
ducing Continuous  Electrical  Oscilla- 
tions"; G.  de  la  Touanne,  "Questions 
Connected  with  Rates  and  Manage- 
ment in  a  Telephone  Exchange";  J. 
C.  Barclay,  "Printing  Telegraph  Sys- 
tems"; Dr.  Albert  C.  Crehore,  "Rapid 
Telegraphy";  Dr.  Lee  De  Forest, 
"Wireless  Telegraph  Receivers";  Pat- 
rick P.  Delany,  "Rapid  Telegraphy"; 
Hammond  V.  Hayes,  "Telephony"; 
Franz  J.  Dommerque,  "The  Tele- 
phone Problem  in  Large  Cities"; 
Reginald  A.  Fessenden,  "Wireless 
Telegraphy";  J.  C.  Kelsey,  "Features 
of  Two-Strand  Common  Battery  Sys- 
tems"; Kempster  B.  Miller,  "Prob- 
lem. Automatic  vs.  Manual  Tele- 
phone Exchange";  F.  A.  Pickernell, 
"Telephony";  Louis  M.  Potts,  "Print- 
ing Telegraphy";  Col.  Samuel  Beber, 
"Military  Use  of  the  Telephone,  Tele- 
graph and  Cable";  Prof.  George  F. 
Sever,  "Electrolysis  of  Underground 
Conductors";  L.  W.  Stanton,  "Eco- 
nomical Features  in  Modern  Tele- 
phone- Engineering?;  John  Stone, 
"The  Theory  of  Wireless  Teleg- 
raphy." 

Over  150  papers  had  been  promised 
up  to  June  23.  Twelve  of  these  have 
alreadv  been  delivered.  Arrange- 
ments are  now  being  completed  for 
printing  papers  in  advance  of  the  Con- 
gress, so  that  all  that  are  received  in 


sufficient  time  will  be  ready  for  circu- 
lation among  the  Congress  members 
at  St.  Louis.  Efforts  are  being  made 
to  secure  as  many  of  the  promised 
papers  as  possible  in  advance. 


An  Unusual  Electric  Accident 

THE  accidental  electrocution  of 
two  surveyors  at  Bingham, 
Utah,  a  short  time  ago,  is  de- 
scribed in  "The  Engineering  and 
Mining  Journal"  of  recent  date.  The 
two  men,  Adolph  Jessen  and  Hugh 
Allred,  were  engaged  in  running  a 
line  for  a  placer  claim  on  the  hillside 
above  Bingham  Canon.  Nearly  at 
right  angles  to  the  line  were  strung 
the  wires  of  the  Telluride  Power 
Company,  which  supply  the  town  of 
Bingham  with  light  and  power.  At 
the  time  of  the  accident  Mr.  Jessen 
was  standing  on  the  hillside,  his  feet 
being  about  on  a  level  with  the  wire. 
Mr.  Allred  was  below  the  wire,  his 
head  being  lower  than  Mr.  Jessen's 
feet.  The  steel  tape  was  stretched  on 
the  ground  between  them.  In  some 
manner  it  became  fastened  in  a  clump 
of  bushes  near  the  wire,  and  in  at- 
tempting to  loosen  the  tape  Mr.  Jes- 
sen gave  it  a  jerk.  Instantly  the  tape 
rose  from  the  bushes,  and  came  in 
contact  with  the  electric  power  wire. 
There  was  a  bright  flash  at  the  point 
of  contact,  the  two  men's  bodies  form- 
ing a  short  circuit.  Mr.  Jessen  re- 
ceived a  sufficient  amount  of  the  5000 
voltage  to  cause  instant  death,  al- 
though he  stood  on  a  rock.  Mr. 
Allred,  who  stood  upon  wet  ground, 
received  the  majority  of  the  voltage. 

Several  persons  were  near  the  scene 
when  the  accident  occurred  and  medi- 
cal aid  was  soon  secured,  but  it  was  of 
no  avail.  Except  for  a  few  burns  on 
the  hands  and  feet  the  bodies  of  the 
victims  showed  no  marks  of  injuries. 


For  two  or  three  years  the  electric 
light  has  been  employed  with  satisfac- 
tory results  for  illuminating  the  car- 
riages of  the  Western  Australian 
Government  Railways.  The  system 
is  gradually  being  extended  to  all  the 
rolling  stock,  and,  as  a  consequence, 
the  annual  cost  of  upkeep  is  decreas- 
ing proportionately.  The  report  of 
the  acting  general  manager  of  the 
railways  of  west  Australia  for  the  last 
year  shows  that  altogether  some 
seventy  carriages  have  been  equipped, 
and,  on  the  average,  forty-seven  and 
one-half  were  maintained  for  the  full 
twelve  months.  The  cost  of  upkeep 
is  stated  to  be,  on  an  average,  $94  per 
car,  as  compared  with  $103  per  car  for 
the  preceding  year. 


Transformers  for   Long-Distance   Power 

Transmission 


By  J.  S.  PECK 


Reprinted  from   the   Electric   Power  Number   of   "Cassier's    Magazine." 


IN  the  fall  of  1892  the  first  long-dis- 
tance plant  in  America  was  in- 
stalled1 in  California  for  transmit- 
ting power  from  a  waterfall  on  the 
San  Antonio  Creek  to  the  cities  of 
Pomona  and  San  Bernardino.  The 
transmission  was  at  10,000  volts,  and 
the  maximum  distance  of  transmission 
28  miles,  the  current  being  used  almost 
entirely  for  incandescent  and  arc  light- 
ing.. 

For  stepping-up  the  low  voltage  of 
the  generator  to  the  pressure  required 
for  transmission,  twenty  5-K.  W. 
transformers  were  used.  Each  trans- 
former was  wound  for  500  volts,  and 
the  line  pressure  was  obtained  by  con- 
necting the  twenty  transformers  in  se- 
ries. Similar  arrangements  of  trans- 
formers were  used  for  stepping-down 
the  line  voltage  to  values  suitable  for 
use  in  the  cities. 

At  the  time  the  Pomona  transform- 
ers were  designed,  little  was  known  re- 
garding the  construction  of  high-volt- 
age apparatus  and  the  perplexities 
and  difficulties  encountered  in  the  de- 
sign and  manufacture  of  these  trans- 
formers can  scarcely  be  appreciated  by 
the  engineer  of  to-day.  The  care  with 
which  the  designs  were  worked  out  is 
shown,  however,  not  only  by  the  long 
and  continued  service  rendered  by 
these  transformers,  but  by  the  fact 
that  two  of  their  most  important  fea- 
tures, namely,  oil  insulation  and  the 
"shell"  type  of  construction,  are  re- 
tained in  the  most  improved  designs  of 
to-day. 
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The  success  of  the  Pomona  plant, 
followed  closely  by  the  introduction  of 
the  alternating-current  motor,  gave  a 
great  impetus  to  long-distance  trans- 
mission work,  and  in  a  short  time 
power  transmissions  were  being  pro- 
jected everywhere.  For  the  increased 
distances  of  transmission  it  soon  be- 
came apparant  that  much  higher  volt- 
ages would  be  required  than  were 
used  at  Pomona.  Improved  manufac- 
turing facilities  and  increased  experi- 
ence in   designing  made  possible  the 


construction  of  large  transformer 
units  wound  for  the  full  line  voltage, 
and  as  a  large  unit  could  be  manufac- 
tured for  less  cost  per  K.  W.  than  a 
small  one,  the  series  arrangement  of 
many  small  transformers  was  super- 
seded by  an  arrangement  of  large 
units,  wound  for  the  full  line  voltage. 
The  enormous  increase  in  the  trans- 
former business  which  has  followed 
the  installation  of  the  Pomona  plant, 
and  the  rapid  advance  in  voltage  and 
in  size  of  transformer  unit,  are  clearlv 


When  this   article   was  prepared  the  transformer 
data  for  the  year  1903  were  not  available. 


A  950-K.  W.,  5O,O0O-V0LT  WATER-COOLED  TRANSFORMER.  NOTE  THE  SIZE  AND 
THICKNESS  OF  THE  INSULATING  BARRIERS  BETWEEN  THE  HIGH  AND  THE  LOW- 
TENSION   COILS 
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shown  in  the  table  on  page  403,  which 
is  made  up  from  the  records  of  one  of 
the  largest  electrical  manufacturing 
companies.  The  transformers  in- 
cluded in  this  list  are  all  used  for  high- 
voltage  transmission,  and  it  is  of  inter- 
est to  note  that  the  4000  transformers 
represent  an  aggregate  capacity  of 
800,000  K.  W. — over  1,000,000  H.  P. 
—the  average  size  of  unit  being  200 
K.  W. 

A  history  of  the  ten-year  develop- 
ment of  the  high-voltage  transformer 
would  show  a  most  interesting  process 


made  to  accommodate  the  different  in- 
sulating and  cooling  mediums.  The 
transformer  windings  are  composed 
of  a  number  of  thin,  flat  coils  placed 
side  by  side  and  separated  by  insulat- 
ing material.  The  coils  are  made  up 
of  cotton-insulated  rectangular  wire, 
wound  usually  with  but  one  turn  per 
layer.  After  winding  they  are  dried 
in  a  vacuum  oven  at  a  comparatively 
high  temperature  to  abstract  all  the 
moisture,  and  are  then  treated  with  a 
compound  which  prevents  the  re-en- 
trance of  moisture  and  adds  greatly  to 


METHOD  OF  BUILDING  UP  THE  SHEET   STEEL   CORE  OF  A  LARGE  TRANSFORMER 


of  evolution ;  but  it  is  the  modern 
transformer  with  which  the  practical 
engineer  is  most  deeply  concerned,  and 
interesting  as  the  history  of  this  devel- 
opment would  be,  it  is  thought  that  a 
description  of  the  transformer  of  to- 
day will  be  of  greater  value  to  the  en- 
gineer. 

High-voltage  transformers  may  be 
divided   into  three  classes : 

1.  Oil-insulated,  self-cooling. 

2.  Oil-insulated,  water-cooled. 

3.  Air-blast. 

The  general  form  of  internal  con- 
struction is  the  same  in  the  three 
classes,  but  suitable  modifications  are 


their  mechanical  strength.  The  treat- 
ing process  is  repeated  several  times 
to  insure  a  heavy,  uniform  waterproof 
coating,  and  after  this  treatment  the 
coils  are  wrapped  with  insulating  ma- 
terial and  assembled  with  suitable  ven- 
tilating ducts  and  insulating  barriers 
between  them.  The  ventilating  ducts 
permit  the  cooling  medium,  oil  or  air, 
to  come  into  close  proximity  to  all 
parts  of  the  winding  and  thus  prevent 
undue  local  heating. 

By  winding  the  coils  with  but  one 
turn  per  layer,  every  turn  may  be  iso- 
lated from  every  other  one  and  insu- 
lated to  anv  extent  desired.    This  form 


of  coil-winding  is  of  great  value  in 
high-tension  transformers,  as  it  has 
been  found  in  practice  that  excessive 
voltages  may  be  concentrated  upon  a 
few  turns  of  one  coil,  and  a  break  be- 
tween turns  is  fatal  to  the  whole  trans- 
former. 

The  sub-division  of  the  coils  permits 
the  interlacing  of  primary  and  second- 
ary windings,  an  arrangement  essen- 
tial to  close  regulation,  especially 
when  inductive  loads,  such  as  motors 
or  arc  lamps,  are  supplied.  It  is  also 
possible  where  the  coils  are  thus  sub- 
divided to  arrange  the  primary  and 
secondary  in  two  or  more  parts,  which 
may  be  connected  in  series  or  multiple 
for  different  voltages. 

While  the  proper  proportioning  of 
the  active  elements  (coils  of  copper 
and  core  of  sheet  steel)  is  one  of  the 
essentials  in  transformer  design,  the 
proper  selection,  treatment  and  ar- 
rangement of  the  insulating  material 
requires  even  greater  skill  and  wider 
knowledge  than  does  the  proportion- 
ing of  copper  and  sheet  steel.  This 
is  clue,  in  part,  to  the  fact  that  copper 
and  steel  are  strong  mechanically,  are 
good  conductors  of  heat,  and  are  uni- 
form in  their  electrical  characteristics. 
Insulating  materials,  on  the  other 
hand,  are  weak  mechanically,  are  poor 
conductors  of  heat,  and  their  electrical 
characteristics  are  subject  to  the  wid- 
est variation,  clue  to  slight  differences 
in  their  physical  condition.  Wood, 
for  example,  when  perfectly  dry,  is  an 
excellent  insulator ;  but  when  damp  or 
imperfectly  cured,  it  becomes  a  con- 
ductor, and  cases  have  been  known 
where  a  certain  voltage  has  broken 
through  a  thickness  of  several  feet  of 
green  wood,  while  an  inch  thickness 
of  the  same  material,  properly  cured, 
has  successfully  withstood  the  same 
pressure. 

Almost  all  insulating  materials  are 
subject  to  similar  variations  in  insu- 
lation strength,  and  the  greatest  care 
is  required  in  their  preparation  as  well 
as  in  the  prevention  of  deterioration 
which  would  be  caused  by  the  absorp- 
tion of  moisture  or  other  conducting 
material  during  manufacture  or  instal- 
lation. 

After  the  coils  have  been  assembled 
and  properly  insulated,  the  sheet  iron 
core  is  built  up  by  hand  about  the  coils 
and  ventilating  ducts  are  provided  at 
frequent  intervals  throughout  the 
structure,  serving  to  maintain  it  at  a 
uniform  temperature.  When  the  lami- 
nations are  all  in  place,  the  end  cast- 
ings are  put  on  and  the  core  is  bolted 
up  solidly.  The  necessary  terminal 
blocks  are  next  secured  in  place,  the 
coil  leads  connected  to  the  proper  ter- 
minals, and  the  construction  of  the 
transformer  is  complete.  In  the  air- 
blast  type  of  construction  the  castings 
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which  hold  the  laminations  form  the 
case  or  housing,  and  no  other  covering- 
is  required ;  but  in  the  oil-insulated 
types  an  outside  case  is  necessary  fur 
holding  the  oil. 

The  losses  in  a  transformer  are  of 
two  kinds,  the  copper  loss,  due  to  the 
passage  of  current  through  the  coils, 
and  the  iron  loss,  caused  by  the  revers- 
ing of  the  magnetic  flux  through  the 
core.  These  losses  appear  as  heat,  and 
suitable  precautions  must  be  taken  for 
the  disposal  of  this  heat.  In  a  500-K. 
W.  transformer  having  an  efficiency 
of  gSk  per  cent,  there  is  a  loss  of  y\ 
K.  W.  (10  H.  P.),  which  is  equiva- 
lent to  the  heat  liberated  by  150  16- 
candle-power  lamps.  If  the  apparatus 
is  not  suitably  ventilated  or  provision 
is  not  made  for  carrying  away  this  heat 
the  insulating  material  will  be  rapidly 
carbonized  and  the  transformer  soon 
destroyed.  Two  general  methods  are 
in  use  for  disposing  of  this  heat.  One 
is  to  force  a  blast  of  air  through  the 
transformer ;  the  other  is  to  immerse  the 
transformer  in  oil,  then  cool  the  oil 
by  means  of  a  case  provided  with  large 
radiating    surface,    or    by    circulating 


water  through  coils  im- 
mersed in  the  oil. 

In  the  transformer  the 
function  of  oil  is  to  insu- 
late and  to  cool.  As  an 
insulator,  the  oil  has  a 
strength  several  times 
that  of  air,  and  is  of  par- 
ticular value  for  the  in- 
sulation of  exposed  sur- 
faces which  in  air  under 
very  high  voltage  strains 
act  almost  as  conductors. 
The  fluidity  of  the  oil  also 
gives  it  an  advantage 
over  solid  insulating  ma- 
terial, in  that  it  is  self- 
healing  and  has  the  same 
insulation  strength  after  a 
discharge  as  before.  It  is 
also  of  value  for  sealing 
in  cracks  or  openings 
which  may  be  left  in  the 
solid  insulating  material. 

As  a  cooling  medium, 
oil  acts  as  a  conveyor  of 
heat  rather  than  as  a  con- 
ductor. Coming  in  con- 
tact with  the  active  parts 
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A  TYPICAL  COIL  FOR  A  LARGE  HIGH-VOLTAGE  TRANSFORMER 

of  the  transformer  it  is  heated,  rises 
to  the  top,  flows  over  the  sides,  and, 
coming  in  contact  with  the  cooling 
surfaces,  sinks  and  rises  again  past 
the  heated  surfaces.  Thus  a  rapid 
circulation  is  automatically  estab- 
lished, and  the  heat  is  conveyed 
from  the  active  parts  of  the  trans- 
former to  the  surfaces  provided  for  its 
dissipation. 

The  specific  heat  of  oil  per  given 
volume  is  very  great  as  compared  with 
air.  and  on  account  of  the  great  fluidity 
of  oil  it  will  pass  through  compara- 
tively small  ducts,  and  though  travel- 
ing at  a  much  slower  rate  than  is  re- 
quired of  the  air  in  an  air-blast  trans- 
former, it  produces  very  effective  re- 
sults, with  little  chance  of  local  heat- 
ing. 

A  mineral  oil  is  used  and  great  care 
is  taken  in  its  manufacture  to  insure 
freedom  from  acid,  alkali  or  water,  as 
it  is  found  that  a  fraction  of  1  per 
cent,  of  water  added  to  pure  oil  will 
reduce  its  insulation  strength  by  more 
than  50  per  cent.  Fortunately,  this 
rate  of  reduction  is  not  a  constant  one. 
The  oil  should  have  a  high  fire  test, 
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low  viscosity  and  low  rate  of  evapora- 
tion. 

In  the  oil-insulating,  self-cooling 
transformer  the  cooling  is  effected  by 
means  of  the  outside  case  which  is  de- 
signed with  a  large  amount  of  radiat- 
ing surface  exposed  to  the  outside  air. 
A  number  of  different  forms  of  case 
have  been  devised,  but  the  one  giving 
the  best  satisfaction  and  now  used  al- 
most exclusively,  except  for  trans- 
formers of  very  small  size,  is  made  of 
heavy  sheet  metal,  corrugated  in  such 
a  manner  as  to  greatly  increase  the 
area  of  its  sides.  This  sheet  iron  case 
is  mounted  in  a  suitable  framework, 
which  is  ordinarily  of  angle-iron  con- 
struction. The  top  of  the  case  is  pro- 
vided with  a  cast-iron  or  sheet-iron 
cover  through  which  the  leads  are 
brought  out. 

The  self-cooling  transformer  has  a 
distinct  advantage  over  all  other  types 
in  that  no  extraneous  cooling  devices 
are  required,  and,  after  being  installed, 
no  attention  need  be  given  it.  For 
units  not  exceeding  500  K.  W.,  par- 
ticularly when  located  where  they  can- 
not be  frequently  inspected,  the  self- 
cooling  transformer  is  used  almost  ex- 
clusively. 

The  immense  amount  of  radiating 
surface  required  for  disposing  of  the 
heat  generated  in  a  large  transformer 
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limits  the  capacity  for  which  this  type 
can  be  built  economically  to  about  500 
EC.  VV.,  so  that  for  larger  capacities  the 
oil  must  be  artificially  cooled,  and  for 
this  service  water-cooling  has  been 
universally  adopted. 

Several  different  methods  of  water- 
cooling-  have  been  tried  from  time  to 
time,  but  one  system  is  now  used  al- 
most exclusively.  In  this  the  trans- 
former is  placed  in  a  boiler  iron  case, 
which  rests  on  a  cast-iron  bed-plate 
and  is  provided  with  a  cast-iron  cover 
through  which  are  carried  the  termin- 
als from  the  windings  and  from  the 
cooling  coils.  The  cooling  is  effected 
by  circulating  water  through  one  or 
more  spirals  of  brass  tubing  placed 
around  the  inside  of  the  case  below  the 
surface  of  the  oil.  This  gives  a  sim- 
ple and  direct  method  of  disposing  of 
the  heat  generated  in  the  transformer, 
and  after  the  flow  of  water  has  been 
properly  adjusted,  no  attention  is  re- 
quired other  than  an  occasional  inspec- 
tion to  see  that  the  water  rate  is  prop- 
erly maintained.  A  comparatively 
small  amount  of  water  is  sufficient  for 
cooling  a  large  transformer ;  a  2000 
K.  W.  unit,  for  example,  requires  ap- 
proximately five  gallons  per  minute. 

It  is  customary  to  provide  these 
transformers  with  thermometers  for 
indicating  the  temperature  of  the  oil 
and  for  sounding  a  gong  as  a  warning 
should  the  temperature  of  the  oil  ex- 
ceed a  predetermined  value  due  to  a 
change  in  the  rate  of  flow  of  water  or 
from  any  other  cause.  The  sounding 
of  the  gong  is  accomplished  by  means 
of  an  electrical  device.  Gauges  are 
also  provided  for  indicating  the  height 
of  oil  in  the  case,  and  provision  is 
made  so  that   samples  of  oil  may  be 


A    21O0    TO    6o,000    VOLTS    TRANSFORMER,    MADE    BY    THE    STANLEY    ELECTRIC    MFG.    CO. 
PITTSFIELD,    MASS.      THE  TRANSFORMER  IS    SHOWN    WITHOUT   ITS    CASE 


drawn  off  from  the  bottom  of  the  case 
for  testing  the  quality  of  the  oil. 

While  the  oil  used  in  transformers  is 
not  inflammable,  and  will  not  burn  un- 
less raised  to  a  hied!  temnerature,  the 
presence  of  a  large  body  of  oil  consti- 
tutes, under  certain  conditions,  a  fire 


SEVEN   1875-K.W.  WATER-COOLED  STEP-UP  TRANSFORMERS, 2200  TO  22,000  VOLTS, 
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risk  which  cannot  be  ignored,  and  suit- 
able precautions  should  be  taken  for 
disposing  of  the  oil  in  case  it  becomes 
necessary.  This  is  usually  done  by 
providing  a  large  drain  pipe  at  the  bot- 
tom of  the  case,  which  will  rapidly 
empty  the  tank  and  carry  the  oil  into 
a  sewer  or  into  a  pit  suitably  located 
and  arranged  for  its  reception. 

Another  ingenious  method  lately  de- 
vised consists  in  bringing  out  from  the 
highest  point  in  the  cover  a  large  pipe 
which  is  connected  to  a  sewer  or  suita- 
ble storage  tank,  while  at  the  bottom  of 
the  case  another  pipe  connects  to  the 
water  mains.  In  case  of  fire  the  con- 
nection to  the  water  main  is  opened 
and  the  oil  driven  out  of  the  pipe  at  the 
top  of  the  case,  which  is  left  full  of 
water.  When  the  water  is  withdrawn 
and  the  transformer  properly  dried 
out,  it  will  probably  be  little  worse  for 
its  wetting.  This  construction  re- 
quires an  oil-tight  cover  as  well  as  an 
oil-tight  joint  between  case  and  cover. 

The  air-blast  transformer,  as  its 
name  implies,  is  one  in  which  the  cool- 
ing is  done  by  means  of  a  forced 
draught  of  air.  The  usual  installa- 
tion consists  of  a  group  of  transform- 
ers placed  over  an  air  chamber  in 
which  a  pressure  slightly  above  that 
of  the  surrounding;  air  is  maintained 
bv  means  of  a  suitable  blower.    The  air 
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which  is  admitted  to  the  transformer 
through  an  opening  in  the  top  of  the 
air  chamber  passes  into  the  base  of  the 
transformer,  where  it  divides  into  two 


separate  circuits,  one  through  vertical 
ducts  between  the  coils,  the  other 
through  the  horizontal  ducts  in  the 
iron  core.  Suitable  dampers  are  pro- 
vided in  both  coil  and 
iron  circuits  for  con- 
trolling the  amount  of 
air.  A  fan  or  blower  is 
used  which  is  designed 
to  give  a  large  volume  of 
air  at  a  low  pressure.  It 
is  ordinarily  direct  con- 
nected to  a  motor. 

Aside  from  the  outer 
case  or  housing,  the 
construction  of  oil-insu- 
lated and  air-blast  trans- 
formers is  quite  similar, 
though  in  the  latter  type 
greater  insulating  dis- 
tances and  larger   cool- 


ing ducts  are  required,  so  that  for 
equal  size  and  voltage  the  efficiency 
of  the  air-blast  transformer  is  usually 
lower  than  that  of  the  oil-insulated 
type. 

It  has  been  found  that  with  the  in- 
sulating materials  now  available  it  is 
difficult  to  manufacture  commercially 
air-blast  transformers  for  pressures 
higher  than  approximately  30,000 
volts,  so  that  the  air-blast  transformer 
is  practically  barred  from  transmis- 
sions over  very  long  distances. 

A  comparison  of  the  three  types  of 
high-voltage  transformers — self-cool- 
ing, water-cooling  and  air  blast — 
shows  that  while  for  certain  classes  of 
service  any  one  may  be  chosen,  there 
is  a  field  for  which  each  is  particularly 
well  suited.  The  self-cooling  trans- 
former for  moderate  sized  units  of 
high  and  low  voltage  is  particularly 
fitted  for  use  in  small  sub-stations 
where  no  regular  attendance  can  be 
eiven ;  the  water-cooled  transformer 
for  units  of  large  capacity  and1  for  any 
voltage  is  especially  suited  for  very 
large  stations  where  cooling  water  may 
be  easily  obtained ;  the  air-blast  trans- 
former, for  units  of  any  size  and  volt- 
ages not  exceeding  approximately  30,- 
000,  may  be  used  for  large  stations 
where  there  is  constant  supervision 
and  where  the  presence  of  oil  required 
by  oil-insulated  transformers  might  be 
considered  objectionable. 

The  transformer  has  long  been 
known  as  the  most  efficient  of  all  com- 
mercial apparatus.  It  may  be  said,  in 
general,  that  the  efficiency  increases 
with  the  size  of  the  unit,  decreases 
with  increase  in  voltage,  and  increases 
as  the  frequency  is  increased.  Effi- 
ciencies of  98  per  cent,  are  quite  com- 
mon on  commercial  transformers  of 
large  size,  even  though  wound  for 
comparatively  high  voltages  and  low 
frequencies,  while  an  efficiency  of  985 
per  cent,  has  been  exceeded  on  a  num- 
ber of  transformers  now  in  commer- 
cial service.    Full  load  efficiencies  are, 
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of  course,  referred  to ;  but  remarkably 
high  values  are  also  obtained  at  over- 
loads and  at  small  fractions  of  full 
loads. 

Not  only  is  the  efficiency  of  trans- 
formers remarkably  high,  but  the  reg- 
ulation, which  is  the  drop  in  voltage 
from  no  load  to  full  load,  is  extremely 
close,  and  while  it  varies  somewhat 
with  the  character  of  the  load  supplied, 
it  is,  in  general,  closer  than  that  of 
the  apparatus  in  any  other  part  of  the 
system. 

For  long-distance  transmission 
three-phase  currents  are  used  almost 
exclusively.  In  the  majority  of  cases 
the  generators  are  three-phase  ma- 
chines, but  there  are  a  number  of 
plants  where  two-phase  current  is  gen- 
erated and  special  step-up  transform- 
ers are  used  for  changing  from  two- 
phase  to  three-phase. 

In  America  it  is  customary  to  group 
together  two  or  more  single-phase 
transformers  for  use  on  polyphase 
circuits,  while  in  Europe  the  polyphase 
transformer  is  extensively  used. 

Where  the  three-phase  current  is 
generated  and  transmitted  three  trans- 
formers are  usually  employed.  They 
may  be  connected  in  delta  or  in  star, 
or  with  one  winding  in  delta  and  the 
other  in  star.  Methods  of  connecting 
transformers  are  shown  in  Fig  3, 
where  the  generator  voltage  is  as- 
sumed to  be  1000  and  the  line  voltage 
10,000.  With  the  delta  connection 
each  transformer  is  wound  for  the  full 
voltage  of  the  circuit  to  which  it  is  con- 
nected, while  with  the  star  connection 
each  transformer  is  wound  for  58  per 
cent,  of  the  voltage  of  the  circuit. 

In  winding  transformers  for  high 
voltage  the  star  connection  has  an  ad- 
vantage, for  by  reducing  the  voltage 
on  an  individual  unit  it  permits  a  re- 
duction in  the  number  of  turns  and  in- 
creases in  the  size  of  conductors,  giv- 
ing coils  easier  to  wind  and  more  sim- 
ple to  insulate.  The  delta  connection 
has,  however,  a  distinct 
over   the 

ment,  for  in  case  one  transformer  of  a 
group  of  three  should  become  disabled, 
the  two  remaining  ones  will  continue 
to  deliver  three-phase  currents  with  a 
capacity  equal  to  approximately  two- 
thirds  of  the  original  output  of  the 
group. 

Quite  frequently  it  is  desired  to  be- 
gin the  operation  of  a  transmission 
system  at  a  comparatively  low  voltage 
and  later  to  change  to  a  much  higher 
value.  In  such  cases  the  transformers 
may  be  connected  at  first  with  both 
windings  in  delta,  and  at  a  later  date 
the  high-tension  winding  may  be 
changed  to  star  with  a  resultant  in- 
crease of  73  per  cent  in  line  voltage. 
For  example,  transformers  wound  for 
1000  to  19,000  volts,  with  both  wind- 


advantage 
star   or   delta-star   arrange- 
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ings  connected  in  delta,  will  give  a  line 
voltage  of  19,000,  but  with  low-tension 
windings  connected  in  delta  and  high- 
tension  windings  in  star,  the  line  volt- 
age will  be  increased  to  30,000. 

Where  two-phase  current  is  gener- 
ated and  it  is  desired  to  transform  it 
to  three-phase  current,  or  when  it  is 
desired  to  change  three-phase  current 
to  two-phase  current,  two  transform- 
ers are  used  with  the  well-known  con- 


The  T-connection  is    shown  at    c,  in 

Fig.  3- 

Polyphase  transformers  may  be 
built  for  either  two-phase  or  three- 
phase,  but  only  the  three-phase  type 
has  been  extensively  manufactured. 
This  consists  essentially  of  three  sets 
of  primary  and  secondary  coils 
mounted  upon  a  common  magnetic  cir- 
cuit. Theoretically,  there  is  consid- 
erable economy  in  this  form  of  con- 


THE  CASING  OF  A  2250-K.  W.  WATER-COOLED  TRANSFORMER.      THE  COOLING  COIL  TER- 
MINALS   ARE    HERE    CLEARLY     SHOWN 


nection  for  this  transformation.  This 
method  of  connecting  and  the  result- 
ant voltages  obtained  are  shown  at  c,  in 
Fig.  3- 

Three-phase  to  three-phase  trans- 
formations may  also  be  made  with  two 
transformers,  by  connecting  in  V  or  in 
T.  The  F-connection  is  simply  the 
delta  with  one  transformer  removed. 


struction,  both  in  the  amount  of  mate- 
rial and  in  the  floor  space  required, 
but  practically  the  saving  is  quite  small, 
and  on  account  of  reduced  flexibility, 
as  well  as  increased  cost  of  repairs, 
the  three-phase  transformer  has  not 
been  generally  adopted  in  America. 

In  less  than  ten  years'  time  the  de- 
sign of  the  high-voltage  transformer 


has  passed  through  the  experimental 
stage  to  a  firm  engineering  basis,  and 
while  much  has  yet  to  be  learned,  es- 
pecially regarding  extremely  high- 
voltage  work,  designing  methods  have 
so  far  progressed  that  results  can  be 
predicted  with  as  great,  or  greater,  ac- 
curacy than  is  possible  even  in  the  de- 
sign of  steam  engines. 

The  growth  in  the  volume  of  the 
transformer  business  has  «ecessitated 
greatly  increased  manufacturing  fa- 
cilities, while  the  increased  size  and 
voltage  of  individual  units  have  de- 
manded better  materials  of  construc- 
tion and  improved  methods  of  hand- 
ling apparatus  during  manufacture. 
The  manufacturer  has  kept  up,  how- 
ever,, with  commercial  demands,  and 
stands  prepared  to  construct  trans- 
formers of  any  size  and  for  any  volt- 
age which  commercial  conditions  may 
require. 

In  considering  the  increase  in  size  in 
voltage  and  in  volume  of  business, 
questions  which  naturally  suggest 
themselves  are : 

How  long  will  the  volume  of  busi- 
ness continue  to  increase  at  its  present 
rate  ?  What  will  be  the  maximum  size 
and  the  highest  voltage  for  which 
transformers  will  be  wound  ? 

Definite  answers  to  these  questions 
are  impossible,  but  the  progress  of  the 
past  may  serve  to  indicate  in  a  general 
way  what  may  be  expected  in  the  fu- 
ture, and  to  obtain  a  record  of  past 
progress  the  curves  given  in  Figs.  1, 
4  and  5  have  been  plotted.  These  are 
made  up  from  the  data  given  in  the 
table  on  page  403,  and  probably  rep- 
resent quite  closely  the  whole  field  of 
high-voltage  transformer  work. 

The  curve  in  Fig.  4,  showing  the 
out-put  of  high-voltage  transformesr 
from  1892  to  1902,  inclusive,  indicates 
clearly  the  effect,  upon  the  transmis- 
sion business,  of  the  successful  out- 
come of  the  Pomona  and  Niagara 
plants,  and  of  the  introduction  of  the 
alternating-current  motor  and  rotary 
converter. 

The  length  of  time  that  this  curve 
will  continue  at  its  present  angle  de- 
pends upon  the  commercial  condition 
of  the  whole  country,  and  upon  devel- 
opments which  may  be  made  in  new 
apparatus  or  in  new  applications  of 
old  apparatus.  At  the  present  time  the 
indications  are  that  for  1903  the  rate 
of  increase  will  be  approximately  the 
same  as  it  has  been  during  the  last  few 
years. 

Fig.  5  shows  the  rapid  increase  in 
maximum  voltage  of  the  individual 
unit,  as  well  as  the  steady  increase  in 
the  average  voltage  of  all  transform- 
ers. As  there  has  been  a  fairly  uni- 
form increase  in  maximum  trans- 
former voltage  for  ten  years  past,  it 
seem  reasonable  to  expect  that  this  in- 
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crease  will  continue  for  some  time  to 
come,  and  in  the  course  of  a  few  years 
voltages  of  80,000  or  even  higher  may 
be  expected.  A  knowledge  of  projected 
work  bears  out  this  inference. 

The  curve  in  Fig.  5,  showing  the 
average  voltage  of  all  transformers 
manufactured,  seems  to  be  growing 
flat  at  a  little  over  15,000  volts.  This 
is  due  to  the  great  number  of  trans- 
formers used  in  large  cities  where 
power  is  distributed  over  wide  territo- 
ries from  a  central  station  at  voltages 
ranging  from  6000  to  13,000.     Unless 


The  curves  in  Fig.  2  show  the  maxi- 
mum size  of  transformer  for  each  year, 
and  also  the  average  size  of  trans- 
former unit. 

The  upper  one  of  the  curves  indicat- 
ing the  maximum  size  shows  a  wide 
fluctuation  from  year  to  year.  The 
general  tendency  is,  however,  upward, 
and  it  is  expected  that  with  the  con- 
stantly increasing  size  of  generating 
units  and  power  plants  the  demand  will 
be  for  larger  and  larger  transformer 


indicating  the  maximum  size,  and  is 
rising  gradually.  There  seems  no  rea- 
son to  expect  that  constant  conditions 
have  been  reached  in  this  respect,  but 
rather  that  the  increase  of  the  past  will 
continue  for  some  time  at  approxi- 
mately its  present  rate. 

In  conclusion,  it  may  be  stated  that 
while  the  past  ten  years  have  seen 
wonderful  developments  in  high-volt- 
age transformer  construction,  with  a 
great   increase   in   the   maximum   and 
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some  new  conditions  arise,  such,  for 
example,  as  long-distance  railway 
work  which  will  require  enormous 
transformer  capacities  at  very  high 
voltages,  it  does  not  seem  probable 
there  will  be  an  immediate  increase 
in  the  average  transformer  voltage. 


units.  The  use  of  transformer  units  of 
far  larger  size  than  any  yet  manufac- 
tured is  even  now  under  considera- 
tion, but  what  the  maximum  size  will 
be  it  is  impossible  even  to  predict. 

The  curve  showing  the  average  size 
of  unit  is  a  more  uniform  one  than  that 


average  size  and  voltage  of  the  indi- 
vidual unit,  limits  have  nowhere  been 
reached,  so  that  in  future  improve- 
ments in  methods  of  construction  as 
well  as  units  of  larger  size  and 
higher  voltage  may  be  confidently 
expected. 


Electrical   and   MecHaLnicaJ   Progress 


Electric  Power  Looms 

THE  adaptability  of  electricity, 
says  the  London  "Electrical 
Engineer,"  is  exemplified  in 
some  of  the  French  and  German 
manufacturing  towns  where  most  of 
the  work  is  done  at  home.  In  Lyons. 
a  silk-weaving  center,  for  instance, 
an  electric  distribution  scheme  was 
begun  in  1895,  and  some  500  looms 
are  now  supplied.  For  £3  2s.  6d.  a 
loom  is  provided  with  power  and 
light  about  1  i-i  hours  per  day  all  the 
year.  At  St.  Etienne  electric  driving 
has  been  utilized  to  a  still  larger  ex- 
tent for  ribbon  work.  The  charge  for 
current  is  £3  15s.  per  year,  and  the 
rental  for  the  motor  iod.  per  month. 
In  1901  some  3100  weavers  with  a 
total  of  7000  looms  were  supplied  with 
current.  In  the  parish  of  Anrath, 
near  Krefeld,  Germany,  a  ribbon- 
weaving  district,  an  electric  supply 
company  for  furnishing  power  and 
light  to  weavers  was  formed  three  or 
four  years  ago,  and  now  supplies 
about  1000  house  workers. 


Electrica.lly-Driven    Portable    Air 
Compressors 

THE  use  of  compressed  air  has 
reached  such  a  point  of  devel- 
opment at  the  present  day  that 
an  air  compressor  may  be  said  to'  be 
an  almost  indispensable  adjunct  to  the 
equipment  of  a  modern  shop.  The 
compressor  is  sometimes  driven  by 
steam  engine,  either  direct-connected 
or  belted,  but  the  electric  motor- 
driven  type  is  the  most  convenient 
for  most  kinds  of  work,  especially  in 
an  electric  railway  shop  for  blow- 
torch and  sand  blast  use,  and  for  oper- 
412 


ating  pneumatic  tools.  The  work  de- 
manded from  such  an  air  compressor 
outfit  seldom  lasts  for  any  length  of 
time;  hence  the  compressor  may  be 
comparatively  small  in  size,  with 
storage  tanks  of  sufficient  capacity  to 
supply  all  demands. 

An  outfit  of  this  latter  type,  put  on 
the  market  by  the  National  Electric 
Company,  of  Milwaukee,  Wis.,  is 
shown  in  Fig.  1  of  the  accompanying 
illustrations.  The  compressor  is 
geared  to  the  motor,  and  an  automatic 
governor  is  provided  to  start  and 
stop  the  compressor  between  any  de- 
sired minimum  and  maximum  press- 


mobiles,  for  example,  tires  require  air 
inflation  to  a  degree  not  easily  ob- 
tained by  hand  power.  Here  the  ad- 
vantage of  the  power  compressor  is 
at  once  apparent.     Its  special  useful- 


FIG.    I. — AN  ELECTRIC  PORTABLE  AIR  COMPRESSOR   MADE  BY  THE   NATIONAL   ELECTRIC 

COMPANY,    MILWAUKEE,    WIS. 


ure.  Compressor  and  storage  tanks 
together  are  mounted  on  a  truck,  so 
that  they  can  be  easily  moved  about. 
Compressor  outfits  of  this  kind  are 
finding  a  constantly  widening  field  of 
usefulness.     In  connection  with  auto- 


ness,  perhaps,  lies  in  its  ability  to 
provide  air  in  such  quantity  that  it 
may  be  stored  for  use  at  any  time. 

The  outfit  may  be  kept  in  garages 
or  other  places  for  storing  automo- 
biles    where     electric     connection     is 


June,  1  904 


t;he 


ELECTRICAL      AGE 


413 


available,  and  with  a  practically  con- 
stant pressure  in  the  air  tanks,  the  air 
may  be  used  at  any  time  for  tire-infla- 
tion, for  dusting  cushions  or  for  stor- 
ing a  supply  in  a  tank  carried  on  the 
automobile.     The   latter  is   g-enerallv 


waukee.  Fig.  3  shows  how  readily 
an  automobile  tire  can  be  inflated  with 
it.  It  is  claimed  that  the  work  can 
be  done  in  less  than  a  minute  and  a 
half,  the  ordinary  air  pressure  in  the 
tire  being  90  pounds  per  square  inch. 


FIG.  2. THE  OLD  WAY  OF  INFLATING  AUTOMOBILE  TIRES 


FIG.    3. — INFLATING    TIRES    WITH    AN    AIR    COMPRESSOR   OUTFIT    MADE    BY    N.    A. 
CHRISTENSEN,     MILWAUKEE,     WIS. 


FIG.   4. CHRISTENSEN  S   COMPRESSOR  FOR  AUTOMOBILE  CLEANING 


provided  of  sufficient  size  to  furnish 
air  for  three  or  four  complete  90- 
pound  tire  inflations  before  recharg- 
ing is  needed. 

The  outfit  shown  in  Figs.  3  and  4 
is  made  by  N.  A.  Christensen,  of  Mil- 

6- TO 


Another  advantage  of  the  apparatus 
is  that  with  it  a  tire  can  be  inflated 
at  uniform  pressure  by  the  gage, 
which  is  a  very  important  point;  over- 
charging of  the  hand-pump  method 
ruins  manv  tires. 


As  an  effective  cleaning  agent,  com- 
pressed air  has  quickly  worked  its 
way  into  favor.  Everyone  initiated  in 
automobiling  knows  how  dust-laden 
everything  in  and  about  the  machine 
becomes  after  even  a  short  run.  Fig. 
4  shows  how  readily  this  dust  can  be 
removed  from  all  crevices  and  inac- 
cessible places  by  a  jet  of  compressed 
air.  From  the  engine  and  running 
gear  the  dust  is  readily  removed  in 
the  same  manner. 

The  feature  of  keeping  the  working 
parts  clean  without  continually  wiping 
with  waste  or  rags  is  a  very  important 
one,  and  tends  to  save  time  as  well 
as  wear  and  tear.  As  to  the  conven- 
ience of  the  method,  the  illustration 
tells  its  own  story. 


A  New  Vertica.1    Corliss    Engine 

AMONG  the  many  of  that  most 
conspicuous  type  of  engine,  the 
vertical  Corliss,  exhibited  at 
the  St.  Louis  Exposition,  is  one  built 
by  the  Hooven,  Owens,  Rentschler 
Company,  of  Hamilton,  Ohio,  and 
shown  in  the  accompanying  ilustra- 
tions.  This  Hamilton-Corliss  cross- 
compound  design,  of  cylinder  dimen- 
sions 34  x  68  x  54  inches,  is  direct- 
connected  to  a  1500-K.  W.  alternat- 
ing generator. 

It  runs  at  a  speed  of  eighty-three 
revolutions  per  minute;  the  main  bear- 
ings are  25  inches  in  diameter  and  42 
inches  long;  the  shaft  in  the  wheel 
and  the  generator  is  30  inches  in  di- 
ameter; the  crank  is  11  inches  in  di- 
ameter and  of  the  same  length,  and 
the  wheel  is  22  feet  in  diameter, 
weighing  120,000  pounds.  This  last 
is  made  in  eight  segments,  there  be- 
ing a  section  of  the  rim  and  one  arm 
to  each  segment.  These  segments  are 
bolted  to  the  hub,  which  is  made  of 
two  separate  discs  forced  on  the  shaft, 
and  the  rim  is  clamped  together  with 
steel  arrow-head  links  shrunk  into 
place. 

The  bed-plate  is  of  the  box-section 
type  and  forms  a  deep  crank  pit  to  re- 
tain oil.  The  main  bearing  portion  is 
bored  and  faced  to  receive  the  bottom 
box,  which  is  of  the  shell  type  ar- 
ranged for  water  circulation.  The 
"A"  frame  is  cast  in  two  pieces 
strongly  webbed.  The  lower  portion 
is  of  box  section,  and  gradually 
changes  to  circular  section  as  it 
reaches  the  top.  The  guide  barrel  is 
circular  in  form,  slightly  flattened  on 
the  sides  at  the  openings  provided  for 
fitting  oil  shields  and  doors. 

The  exhaust  chambers  in  the  cyl- 
inders are  separated  from  the  cylinder 
walls  by  an  air  space.  The  valves  art 
located  in  the  barrels  to  avoid  the  in- 
convenience of  having  to  disconnect 
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the  valve  gear  when  the  heads  are  re- 
moved. The  valves  are,  however, 
placed  in  such  a  manner  as  to  reduce 
the  clearance  to  about  that  obtained 
when  they  are  placed  in  the  heads, 
by  bringing  the  exhaust  valves  partly 
within  the  cylinder  walls,  although  at 
no  time  do  the  valves  enter  the  space 
swept  by  the  piston,  and  the  piston  is 
allowed  to  sweep  past  the  ports.  The 
arrangement  is  different  on  the  steam- 
valve  side.  The  ports  on  this  side  are 
so  arranged  that  the  in-coming  steam 
strikes  the  piston  squarely  on  the  end, 
thus  preventing  any  side  shock  or 
pound  common  to  the  vertical  type  of 
engine.  Both  steam  and  exhaust 
valves  are  double-ported,  and  have  a 
very  short  travel.  The  valves  are 
cored  and  made  as  light  as  possible. 

The  pistons  are  cored;  they  have  a 
follower  ring  and  one  sectional  ring 
pressed  out  by  spiral  springs,  which 
are  held  in  place  by  tee-headed  brass 
bolts.  They  are  made  a  taper  fit  on 
the  rods  and  locked  with  a  jamb-nut 
and  keeper.  The  cross-head  is  of 
steel,  with  cast-iron  slippers  lined  with 
babbitt,  each  slipper  having  a  wedge 
adjustment.  The  piston  rods  are 
threaded  in  the  cross-head  and  locked 
with  jamb-nuts  and  keepers.  The 
connecting  rod  is  of  the  solid-rod  pat- 
tern, 5 -J  cranks  long,  with  a  wedge 
adjustment  at  either  end,  so  arranged 
as  to  keep  the  length  of  rod  and  the 


the  use  of  levers  and  links  on  each 
bonnet  separately. 

The  dash  pots  are  hung  from  the 
bonnets  and  are  close  to  the  cvlinder, 


sure  side.  It  is  of  the  high-speed, 
center-weighted,  flyball  type,  with  mo- 
tor and  micrometer  attachment  for 
regulating  the  speed  from  the  switch- 


A  NEW  VERTICAL  CORLISS  ENGINE,   MADE  BY  THE  HOOVEN,  OWENS,  RENTSCHLER  CO., 

HAMILTON,    OHIO 


making  a  very  compact  and  self-con- 
tained arrangement.  They  are  of  a 
new  noiseless  pattern,  with  the  weight 
of  the  moving  parts  greatly  decreased, 
and  are  adapted  for  much  higher 
speeds  than  usual.  The  dash-pot  lev- 
ers are  placed  on  the  valve  stems 
within  the  opening  of  the  bonnet. 

Both  steam  and  exhaust  cam  rods 
have  efficient  unhooking  devices,  so 
that  the  valve  gear  can  be  worked  by 


board  for  throwing  two  units  in  par- 
allel. Both  cylinders  are  under  con- 
trol of  the  governor,  the  range  of  cut- 
off being  from  zero  to  three-quarter 
stroke. 

The  main  bearings  are  lubricated 
by  a  continuous  stream  of  oil,  pumped 
from  a  tank  beneath  the  floor  by  an 
eccentric-driven  oil  pump  to  receivers 
over  each  bearing  cup.  The  eccen- 
trics, cross-head  slippers,  cross-head 
and  crank  pins  are  oiled  by  gravity 
from  multiple  sight-feed  tanks  placed 
on  the  upper  part  of  the  engine.  The 
cross-head  slippers  have  wipers  at  the 
bottom  end  dripping  into  reservoirs 
at  each  stroke.  All  the  valve  gear, 
rocker  arms,  etc.,  are  lubricated  with 
grease  cups.  The  engine  is  thorough- 
ly provided  with  oil  guards  and 
shields,  and  the  arrangement  of  stair- 
ways, galleries  and  platforms  is  such 
as  to  make  all  parts  accessible. 


VALVE-GEAR    DETAILS     OF     THE     HAMILTON-CORLISS     ENGINE      MADE     BY     THE     HOOVEN', 

OWENS,   RENTSCHLER   COMPANY 


clearance  spaces  constant.    The  boxes 
are  of  bronze,  babbitted. 

The  valve  gear  is  shown  in  some 
detail  in  the  views  of  the  high  and  the 
low-pressure  cylinders.  It  differs 
somewhat  from  the  regular  Hamilton- 
Corliss  type.  The  steam  and  exhaust 
valves  are  actuated  by  separate  eccen- 
trics, direct,  without  wrist  plates,  the 
necessary  motion  being  obtained  by 


hand  to  facilitate  starting  and  warm- 
ing up.  The  releasing  gear  hooks  and 
latch-block  trip-plates  have  eight  re- 
versible wearing  edges,  and  the  links 
have  bronze  connections,  with  key  ad- 
justments. The  valves  are  double- 
ported,  and,  hence,  have  but  a  short 
travel. 

The  governor  is  placed  upon  the 
first  gallery  platform  on  the  high-pres- 


The  Hancock    Locomotive  Inspir- 
ator 

A  LOCOMOTIVE  inspirator,  de- 
signed to  meet  the  present  de- 
mand of  railroads  in  standard- 
izing their  equipment,  is  the  latest  pro- 
duction of  the  Hancock  Inspirator 
Company,  Boston,  Mass.  It  is  of  the 
lifting  type,  and  is  so  made  that  by 
merely  changing  the  nozzles  and  tubes 
it  will  be  capable  of  delivering  maxi- 
mum capacities  ranging  from  2500  to 
5000  gallons  per  hour  at  a  steam  pres- 
sure of  200  lbs.  per  square  inch,  lifting 
water  4  feet  vertically  with  the  feed- 
water  at  75  degrees  F.    By  its  use  rail- 
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roads  are  able  to  have  one  standard 
size  inspirator  for  all  sizes  of  locomo- 
tives, it  being  only  necessary  to  insert 
in  the  inspirator  the  nozzles  and  tubes 
for  the  proper  capacity  to  supply  the 
locomotive.  Thus  only  one  size  of 
spare  inspirators  and  but  one  size  of 
repair  parts  are  required. 

In  principle,  this  inspirator  is  simi- 
lar to  the  other  Hancock  inspirators. 
It  comprises  a  lifting  apparatus,  which 
lifts   the   water,   and   a   forcing   appa- 


city  as  low  as  1 100  gallons  per  hour 
may  be  obtained  when  the  2500-gallon 
nozzles  and  tubes  are  used. 


A  Portable  Electric  Drilling  Outfit 

A  GOOD  example  of  British  prac- 
tice in  the  use  of  portable 
electric  drilling  machinery  is 
shown  in  the  annexed  cut,  which 
represents  an  outfit  made  by  F.  J. 
Rowan,  of  Glasgow.  This  particular 
form  of  apparatus  has  been  used  ex- 
tensively in  British  ship-yard  work. 
The  motor  is  mounted  on  two  wheels, 
with  handles  provided  for  guiding; 
the     armature     shaft     is     connected 


A  NEW  LOCOMOTIVE  INSPIRATOR    MADE  BY  THE  HANCOCK  INSPIRATOR  CO.,  BOSTON,   MASS. 


ratus,  which  forces  the  water  into  the 
boiler,  the  lifting  apparatus  acting  as 
a  governor,  delivering  the  proper 
amount  of  water  to  the  forcing  appa- 
ratus for  the  proper  condensation  of 
the  steam. 

The  inspirator  is  capable  of  feeding 
the  boiler  at  any  steam  pressure  be- 
tween 35  pounds  and  350  pounds  per 
square  inch  without  any  adjustment 
of  either  the  steam  or  water  supply, 
and  when  the  inspirator  is  in  full 
working  position  at  any  steam  pres- 
sure between  these  limits  it  cannot 
discharge  the  water  except  through 
the  delivery  pipe  leading  into  the 
boiler.  It  will  handle  hot  feed-water, 
and,  from  tests,  it  has  been  found  that 
it  will  start  and  feed  the  boiler  reliably 
with  the  supply  water  at  135  degrees 
F.  with  no  pounds  steam  pressure,  at 
137  degrees  with  140  pounds  pressure, 
at  135  degrees  with  160  pounds  pres- 
sure, at  130  degrees  with  200  lbs.  pres- 
sure, and  at  123  degrees  with  225 
pounds  pressure. 

The  capacity  of  each  set  of  nozzles 
and  tubes  can  be  regulated  for  light  or 
heavy  service  of  the  locomotive.  It 
has  been  found  that  with  cold  feed- 
water  the  minimum  capacities  will  not 
be  more  than  45  per  cent,  of  the  maxi- 
mum capacity  with  160  pounds  steam 
pressure,  48  per  cent,  with  200  pounds 
pressure,  and  54  per  cent,  with  225 
pounds  pressure.     A  minimum  capa- 


through  gearing  to  a  flexible  shaft 
which  operates  the  drill.  The  carry- 
ing wheels  are  mounted  on  trunnions 
cast  on  the  case,  and  two  legs  are  pro- 
vided on  the  handle  frame  for  keep- 
ing the  motor  upright.  The  armature 
shaft  extends  outside  of  the  case,  the 
outer  end  running  in  an  outboard 
bearing-frame  bolted  to  the  motor 
case. 

The  outboard  frame  also  provides 
bearings     for    the    transmission-gear 


shaft,  on  the  end  of  which  is  placed 
the  universal  coupling  to  the  flexible 
shaft.  The  outer  end  of  the  flexible 
shaft  gears  with  the  drill  body,  the 
latter  being  provided  with  a  power 
feed. 

The  arrangement  is  obviously  one 
that  will  prove  convenient  for  a  vari- 
ety of  work,  and  the  ease  of  power 
supply  by  a  mere  extension  of  wires 
makes  the  field  of  operation  in  a  ship- 
yard practically  unlimited. 


A  Filter  for  Saving  Oil 

A  FILTER,  made  by  the  Burt 
Manufacturing  Company,  Ak- 
ron, Ohio,  for  separating  oil  in 
the  condensation  from  oil  separators 
and  exhaust  heads,  is  shown  in  the  ac- 
companying illustration.  In  this  filter 
the  oil  and  water  are  automatically 
separated,  the  oil,  after  being  purified, 
is  stored  in  a  reservoir,  and  the  water 
is  discnarged  from  a  drip  into  the 
sewer.  The  filter  is  made  in  several 
sizes,  from  3  to  500  gallons  per  day 
capacity. 

As  shown  in  the  illustration,  the  oil 
and  water  are  poured  into  the  top  of 
the  filter  and  then  pass  into  the  cham- 
ber B  through  a  layer  of  waste,  which 
collects  all  the  heavier  impurities  of 
the  oil.  Thence  it  passes  through  the 
perforated  bottom  of  the  chamber  B, 
in  the  direction  shown  by  the  arrows, 
into  the  tube  C,  and  from  there  on  to 
the  filter  plate  D,  where  the  increased 
weight  of  the  water  has  a  tendency  to 
keep  the  oil  back  in  the  tube  C.  How- 
ever, the  pressure  of  oil  in  the  cham- 
ber B.  forces  the  oil  clown  and  spreads 
it  out  over  the  plate  D  in  a  very  thin 
film,  which  constantly  changes  surface 
and  grows  thinner  as  it  travels  from 
the  center  to  the  circumference  of  the 
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plate  D,  thus  exposing  every  particle 
of  waste  oil  to  the  action  of  the  water. 
The  oil  then  flows  upward  on  the 
plates  iD  and  2D,  going  through  the 
same  process  in  each  case.  When  the 
oil  leaves  the  filter  plate  2D  it  is  in  a 
finely  divided  state,  and  is  thoroughly 
washed    out    by    being    mixed    with 
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AN    OIL    FILTER,    MADE   BY    THE   BURT    MANUFAC- 
TURING   CO.,     AKRON,    OHIO 

water.  All  the  remaining  impurities 
separate  from  it  by  gravity  and  settle 
in  the  chamber  E,  from  which  they 
can  be  removed  by  opening  the  gate 
valve  at  the  bottom  of  the  filter,  which 
drains  off  all  the  water  and  dirt. 

From  the  plate  2D  the  oil  again  fil- 
ters through  the  stratum  of  material 
F,  and  from  there  it  rises  to  the  pure 
oil  chamber  and  then  flows  to  the  oil 
reservoir.  The  water  is  automatically 
separated  after  it  passes  down  the  tube 
C  and  reaches  the  bottom  plate;  as  the 
oil  is  lighter  than  water,  as  soon  as  it 
reaches  the  bottom  of  the  filter  it  im- 
mediately rises,  and  the  surplus  water 
passes  into  the  tube  leading  to  the 
automatic  water-separating  device. 


St.  Petersburg,  Russia,  is  soon  to 
have  a  new  and  thoroughly  up-to-date 
telephone  exchange,  the  ultimate 
capacity  of  which  is  to  be  40,000  sub- 
scribers. The  exchange  will  be  in- 
stalled by  the  Western  Electric  Com- 
pany, of  Chicago. 


New  England  Water  Powers 

ACCORDING  to  "The  Iron  Age," 
New  England  water  powers  are 
being  prospected  with  a  good 
deal  of  system  witn  the  purpose  ot  de- 
veloping them  for  electric  purposes. 
The  possibilities  contained  in  the  rivers 
of  these  States  are  considered  to  be 
tremendous,  in  view  of  the  rapid  pro- 
gress which  long-distance  transmission 
of  electric  power  is  making.  Not  a 
few  New  England  manufacturers  look 
to  see  the  undeveloped  and  neglected 
water  power  of  the  section  make  up, 
to  a  considerable  extent,  for  the  dis- 
tance from  the  coal  mines,  which  is  the 
chief  disadvantage  of  manufacturing 
in  the  Northeastern  States  of  the 
Union.  In  a  country  that  is  either 
mountainous,  or  at  least  hilly  in  prac- 
tically every  section,  reservoir  sites 
may  be  found  in  plenty  to  provide 
against  the  times  of  low  water,  which 
is  the  chief  drawback  of  the  water 
power  of  New  England  as  already  de- 
veloped. 


Personal 


Wallace  C.  Johnson,  consulting  en- 
gineer of  the  Niagara  Falls  Hydraulic 
.Power  &  Manutacturing  Company, 
is  reported  to  have  been  engaged  by 
the  Sientere  Viva  Mining  Company, 
Bluefields,  Nicaragua,  to  prepare 
plans  and  specifications  and  to  con- 
struct and  equip  an  extensive  electric 
power  plant  and  transmission  system 
m  that  locality. 

Walter  H.  Whiteside,  formerly 
with  the  Westinghouse  Companies, 
has  joined  the  staff  of  the  Allis-Chal- 
mers  Company,  of  Chicago,  as  gen- 
eral manager  of  sales  for  all  depart- 
ments, including  the  Bullock  Electric 
Manufacturing  Company,  which  has 
become  the  electrical  department  of 
the  Allis-Chalmers  Company.  His 
experience  thoroughly  qualifies  him 
for  this  important  duty,  which  he 
takes  up  with  the  good  wishes  of  his 
very  wide  circle  of  business  acquaint- 
ance. Mr.  Whiteside  will  enter  upon 
nis   new   duties   about   the   middle   of 

July. 

H.  F.  Fervert,  who  for  the  past  sev- 
eral years  has  been  manager  of  the 
New  York  stores  of  the  Niles-Be- 
ment-Pond  Co.,  and  the  Pratt  & 
Whitney  Co.,  has  severed  his  connec- 
tion with  these  firms  and  opened  an 
office  at  114-118  Liberty  street,  New 
York,  for  the  sale  of  machinery.  Mr. 
Frevert  also  is  manager  of  the  New 
York  office  of  the  Norton  Grinding 
Co.,  of  Worcester,  Mass.,  manufac- 
turers of  emery  grinding  machinery, 


and  of  the  Brightman  Mfg.  Co.,  of 
Shelby,  Ohio,  manufacturers  of 
turned  shafting  and  machines  for 
turning,  rolling,  straightening  and 
polishing  shafting. 

Max  Loewenthal,  secretary  and 
electrical  engineer  of  The  Prometheus 
Electric  Company,  of  New  York,  has 
returned  East  from  a  four  months' 
trip  in  the  interests  of  this  company, 
having  during  that  time  visited  almost 
every  large  city  in  the  United  States 
as  far  West  as  Denver,  Col.,  estab- 
lishing agencies  for  the  sale  of  Pro- 
metheus electric  heating  and  cooking 
apparatus.  The  goods  were  well  re- 
ceived everywhere,  and  in  the  opinion 
of  Mr.  Loewenthal,  after  having  thor- 
oughly canvassed  the  situation,  the 
immediate  prospects  of  the  electric 
heating  business  are  very  encourag- 
ing. In  addition  to  the  business  fea- 
tures of  the  trip,  Mr.  Loewenthal  en- 
joyed an  excursion  through  the 
mining  camps  of  Colorado  and  a  trip 
to  the  St.  Louis  Exposition. 

The  following  story  of  Charles  P. 
Steinmetz,  chief  engineer  of  the  Gen- 
eral Electric  Company,  is  told  by 
Arthur  Goodrich  in  "The  World's 
Work": — "Some  years  ago  Stein- 
metz went  into  the  Adirondacks  with 
a  hunting  party  of  friends.  Not  car- 
ing to  hunt,  he  was  often  left  alone  at 
a    little    lodge    that    was    made    the 


C.    P.    STEINMETZ 

party's  headquarters.  One  night  be- 
fore the  camp  fire  a  mathematical 
question  came  into  his  head.  To  set- 
tle it  he  needed  a  table  of  logarithms 
which  could  not  have  been  found 
within  miles  of  the  camp.  He  re- 
membered a  few  figures,  and  in  a 
short  time  had  worked  out  an  entire 
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EDWARD   WESTON 

table  of  logarithms  for  himself,  and 
from  it  solved  the  problem.  This 
mathematical  sense,  which  was  orig- 
inally trained  by  hard  study  at  Bres- 
lau,  makes  it  possible  for  him  to 
answer  quickly  the  rapid  fire  of  ques- 
tions his  aids  hurl  at  him  daily." 

In  addition  to  the  degree  of  L.L.D. 
recently  conferred  upon  Dr.  Edward 
Weston,  president  of  the  Weston 
Electrical  Instrument  Company,  of 
Waverly  Park,  N.  J.,  by  McGill  Uni- 
versity, the  further  honor  of  the  de- 
gree of  D.Sc,  has  just  been  accorded 
to  him  by  Stevens  Institute. 

Robert  McF.  Doble,  of  San  Fran- 
cisco, consulting  and  supervising  engi- 
neer, who  has  made  a  specialty  of 
hydro-electric  power  development  and 
long-distance  power  transmission,  is 
now  associated  with  the  Abner  Doble 
Company,  also  of  San  Francisco,  engi- 
neers, and  manufacturers  of  tangential 
water-wheels.  Mr.  Doble  will  have 
charge  of  the  consulting  engineering 
department  of  the  company  in  the  de- 
sign and  construction  of  power  plants, 
pumping  plants  and  other  engineering 
work. 

A.  M.  Mattice,  chief  engineer  of  the 
Allis-Chalmers  Company,  of  Chicago, 
has  returned  from  his  European  tour 
of  inspection,  and  has  now  settled 
down  to  the  duties  of  his  position  in 
Milwaukee.  While  in  Europe  Mr. 
Mattice  visited  the  hydraulic  machin- 
ery works  of  Messrs.  Escher,  Wyss 
&  Co.,  of  Zurich,  Switzerland,  and 
arranged  important  details  concern- 
ing the  manufacture  in  the  United 
States  of  their  lines  of  product.  He 
also  inspected  the  Nurnberg  Gas  En- 


gine Works,  at  Nurnberg,  and,  at  the 
well-known  engineering  establish- 
ment of  Willans  &  Robinson,  at 
Rugby,  England,  he  paid  particular 
attention  to  the  products  and  methods 
of  manufacture  of  the  Steam  Turbine 
Advisory  Syndicate,  of  which  impor- 
tant organization  the  Allis-Chalmers 
Company  is  the  American  member. 
Mr.  Mattice  had  several  important 
consultations  in  London  with  Mr. 
Yarrow,  the  well-known  torpedo  boat 
builder,  on  the  subject  of  turbines  for 
marine  purposes,  and  while  on  the 
Continent  he  made,  in  the  Allis-Chal- 
mers interests,  a  series  of  exhaustive 
tests  of  the  Zoelly  steam  turbine,  of 
which  so  much  has  recently  been 
heard. 

Prof.  Win.  F.  Durand,  of  Sibley 
College,  Cornell  University,  has  ac- 
cepted the  directorship  of  the  college 
of  mechanical  engineering  at  Leland 
Stanford,  Jr.,  University. 


Obituary 


James     A.     Myers,    president     and 
treasurer    of    the    Robbins    &    Myers 


JAMES    A.    MYERS 

Company,  of  Springfield,  Ohio,  died 
at  his  home  in  that  city  on  May  27. 
Mr.  Myers  had  returned  on  April  22 
from  an  extended  business  trip,  and 
seemed  at  that  time  in  the  best  of 
health.  He  became  ill  shortly  after, 
however,  and  soon  developed  symp- 
toms of  typhoid  fever. 

He  was  born  in  Jamestown,  Ohio,  in 
1 85 1,  and  was  educated  at  Bowersville 
Academy,  going  to  Springfield  in  1876, 
where  he  engaged  in  business.  In  1878 
he  became  interested  with  Mr.  Robbins 
in  the  iron  foundry  business,  in  1889 


forming  the  present  Robbins  &  Myers 
Company,  and  becoming  its  president 
on  the  retirement  of  Mr.  Robbins  in 
1900,  and  that  office  he  occupied  at  the 
time  of  his  death.  He  became  actively 
interested  in  electrical  affairs  in  1896, 
about  which  time  his  company  entered 
the  electrical  manufacturing  field. 
From  that  time  his  acquaintance 
among  members  of  the  electrical  fra- 
ternity increased  rapidly,  until  at  the 
time  of  his  death  he  numbered  among 
them  many  friends  in  all  sections  of 
the  country.  Mr.  Myers  was  success- 
ful in  affairs,  and  to  his  energetic  and 
careful  management  the  prominent 
position  of  his  company  is  largely  due. 
He  leaves  a  wife  and  two  sons. 

The  recent  death  at  Washington, 
D.  C,  of  William  Wallace,  has  re- 
moved a  figure  of  interest  and  prom- 
inence from  the  electrical  field,  even 
though  the  name  may  have  an  un- 
familiar sound  to  the  younger  mem- 
bers of  the  profession. 

According  to  a  series  of  articles- 
dealing  with  his  achievements,  and 
prepared  by  Mr.  William  J.  Hammer 
for  "The  Electrical  Engineer"  in  1893, 
Wallace  was  the  first  builder  of  dyna- 
mos in  this  country  and  the  first 
manufacturer  in  America  to  apply  the 
dynamo  to  the  industrial  art  of  elec- 
tro-plating. Prof.  Moses  G.  Farmer 
was  associated  with  him  in  the  manu- 
facture of  the  Wallace-Farmer  dyna- 
mo, one  of  which  was  used  at  the 
Centennial  Exposition  of  1876  to  sup- 
ply the  first  electric  lights  in  service. 
He  also  established,  with  his  brother, 
a  large  electro-deposition  plant  at 
Ansonia,    Conn.,   for  the  purpose  of 
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plating  with  copper  the  steel  wire  used 
in  1883  by  the  Postal  Telegraph  Com- 
pany, in  conjunction  with  Prof.  Elisha 
Gray's  harmonic  telegraph  between 
New  York  and  Washington,  Chicago 
and  St.  Louis. 

In  1875  Mr.  Wallace  invented  and 
constructed  the  first  arc  lamp  made  in 
the  United  States,  consisting  of  two 
battery  carbon  plates  fastened  in  a 
wooden  frame.  He  afterward  im- 
proved the  lamp  to  make  it  regulate 
automatically,  and  was  the  first  to  op- 
erate arc  lamps  in  series.  He  claimed 
the  invention  of  the  round,  pencil  car- 
bons, and  erected  a  plant  to  make 
them,  designing:  tools  after  which 
those  of  the  present  day  are  modeled. 
Another  product  of  Mr.  Wallace's 
skill  was  an  induction  coil  5  feet  long 


and  I2tj  inches  in  diameter,  the  largest 
coil  in  the  United  States  and  the  sec- 
ond largest  in  the  world.  This  coil 
gave  a  27-inch  spark  with  six  Grove 
cells. 

Many  prominent  men  identified 
with  the  electric  lighting  industry,  in- 
cluding Edison,  Dr.  Henry  Draper 
and  Prof.  C.  F.  Chandler,  were  guests 
at  Mr.  Wallace's  home  at  Ansonia. 
Edison  has  said  of  him: — "He  is  one 
of  the  earliest  pioneers  in  electrical 
matters  in  this  country.  He  has  done 
a  great  deal  of  good  work  for  which 
other  s  have  received  the  credit; 
and  the  work  which  he  did  in  the 
early  days  of  electric  lighting  others 
have  benefited  largely  by,  and  he 
has  been  crowded  to  one  side  and  for- 
gotten." 


For  president,  Frank  J.  Sprague. 
Vice-presidents,   C.   G.  Young,   re- 
elected;   E.  H.  Mullin,  re-elected;  F. 


The  New  York    Electrical  Society 


ANNUAL   MEETING. 


J.  J.   CARTY, 

The  Retiring  President  of  the  New  York 

Electrical  Society 


THE  annual  meeting  of  the  New 
York  Electrical  Society  and 
election  of  officers  was  held 
at  the  Electrical  Testing  Laboratories, 
New  York,  on  June  15.  The  report 
of  the  secretary  showed  that  101  mem- 
bers had  been  elected  during  the  year; 
54  had  been  dropped  for  non-payment 
of  dues;  32  had  resigned,  and  3  had 
died,  and  that  the  total  membership  is 
now  631.  The  report  of  the  treasurer 
showed  that  the  income  of  the  society 
for  the  year  ending  January  31,  1904, 
was  $1,502.62,  and  the  balance  on 
hand,  $34.37.  The  revised  constitu- 
tion and  by-laws  were  read  for  the  sec- 
ond time  before  the  Society,  and  after 
being  submitted  to  the  meeting,  were 
unanimously  adopted. 

The  executive  committee  of  the  so- 
ciety deserves  the  greatest  credit  for 
its  earnest  efforts  to  strengthen  the 
weak  points  which  heretofore  existed 
in  the  constitution  and  by-laws.  In 
order  to  enlist  the  best  services  which 
the  society  was  capable  of  affording 
to  this  end,  the  president  appointed 
as  a  revising  committee  the  three 
past-presidents  of  the  society,  Messrs. 
Francis  W.  Jones,  the  first  president 
of  the  society;  Gano  S.  Dunn  and  Ar- 
thur-Williams. Their  revision,  which 
was  approved  by  the  executive  com- 
mittee, was  that  now  adopted  by  the 
society. 

One  essential  point  in  the  new  con- 
stitution is  that  no  officer  except  the 
secretary  and  treasurer  shall  be  eligi- 
ble for  immediate  re-election  to  the 
same  office.  The  provision  for  pro- 
posed amendments  is  made  much 
more  stringent  than  formerly.  One 
of     the     principal     features     in     the 


amended  by-laws  is  the  provision  for 
a  nominating  committee,  which  now 
consists  of  eight  members  appointed 
by  the  president,  with  the  president 
ex-officio.  Two  of  these  members 
shall  be  past-presidents,  two  shall  be 
members  of  the  executive  committee 
and  four  shall  be  non-office-holding 
members,  thus  giving  the  largest  rep- 
resentation on  the  committee  to  the 
general  membership  of  the  society. 
It  was  unanimously  voted  that  the 
thanks  of  the  society  be  tendered  to 
Messrs.  Jones,  Dunn  and  Williams  for 
their  able  and  valuable  services. 

The  election  of  officers  resulted  as 
follows: — 


C.  Bates,  re-elected;  Albert  F.  Ganz. 
Louis  B.  Marks,  W.  S.  Rugg. 

Secretary,  George  H.  Guy,  re- 
elected. 

Treasurer,  Henry  A.  Sinclair,  re- 
elected. 

After  the  business  meeting  the  so- 
ciety was  welcomed  by  Mr.  John  W. 
Lieb,  Jr.,  president  of  the  Electrical 
Testing  Laboratories.  Mr.  Leib  gave 
a  short  history  of  the  foundation  of 
the  laboratory,  which  has  developed 
from  a  lamp  testing  bureau,  founded 
by  the  Association  of  Edison  Com- 
panies, to  its  present  extensive  and 
complete  equipment.  They  had  en- 
deavored to  make  it  a  place  where,  at 


FRANK    J.     SPRAGUE, 

The  new  President  of  the  Society. 


E.    H.    MULLIN, 

Re-elected  Vice-President. 
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a  very  reasonable  expense,  anyone 
could  come  and  be  sure  of  having 
tests  made  with  accuracy  and  dispatch. 
Since  the  laboratory  has  been  opened, 
all  kinds  of  electrical  tests  have  been 
conducted,  especially  on  the  photo- 
metric value  of  arc  lamps,  breakdown 
tests  of  insulating  material,  the  effect 
of  the  distribution  of  light  due  to 
shades  and  reflectors,  the  meter  tests, 
the  standardizing  of  instruments,  the 
preparation  of  photometric  standards, 
etc. 

Mr.  Wilson  S.  Howell,  manager  of 
the  laboratories,  gave  a  short  address 
on  the  "Importance  of  Testing."  Mr. 
Howell  showed  that  the  matter  of 
testing  was  equally  important  to  the 
manufacturer  and  to  the  purchaser. 
Among  instances  given  of  complete 
testing  equipments,  he  mentioned 
those  of  the  Pennsylvania  Railroad 
Company,  the  Brooklyn  Navy  Yard, 
the  General  Electric  and  the  West- 
ingliouse  Companies,  and  it  was  dem- 
onstrated that  the  success  of  all  those 
organizations  was  due  to  a  great  ex- 
tent to  their  continuous  testing,  not 
only  of  their  own  purchases,  but  also 
of  their  own  products.  The  Electrical 
Testing  Laboratories  had  provided 
for  the  general  public  at  a  moderate 
price,  the  advantages  of  precision  and 
efficiency,  which  has  been  secured  in 
the  cases  mentioned  only  at  a  heavy 
outlay. 

Dr.  Clayton  H.  Sharp  addressed 
the  meeting  on  the  "Equipment  of  the 
Commercial  Testing  Laboratory," 
concluding  his  address  with  an  exhibi- 
tion of  a  number  of  slides,  the  most  in- 
teresting of  which  were  made  by  a 
triple  oscillograph,  showing  an  alter- 
nating e.  m.  f.,  and  currents  set  up 
thereby  in  an  inductance  and  a  ca- 
pacity in  parallel  with  each  other. 

After  an  inspection  of  the  splendid 
equipment  of  the  laboratories  had 
been  made  by  the  visitors,  a  collation 
was  served. 


Tra.de  News 

The  Shepherd  Engineering  Co.,  of 
Franklin,  Pa.,  have  opened  a  Boston 
branch  in  the  new  Oliver  Building  at 
Oliver  and  Milk  streets.  Mr.  W.  N. 
Clifford  is  in  charge.  The  company 
now  have,  in  addition  to  this  and  their 
home  offices,  branches  at  Chicago 
and  Philadelphia. 

The  Illinois  Steel  Company  are 
pushing  rapidly  the  work  of  building 
their  great  cement  plant  at  Buffing- 
ton,  Ind.  Electric  power  will  be  fur- 
nished from  the  company's  works  at 
South  Chicago,  6  miles  distant,  it  be- 
ing generated  at  a  station  adjoining 
their  furnace  plant,  in  which  surplus 


blast  furnace  gas  is  used  as  fuel  for 
boilers  operating  the  dynamo  engines. 
In  order  to  take  this  power  across  the 
Calumet  River  the  company  are  erect- 
ing steel  towers  on  either  bank  200 
feet  high,  across  which  the  cable  will 
be  stretched  at  a  point  sufficiently 
high  to  cause  no  interference  with  the 
masts  of  the  tallest  vessels.  While 
the  expense  of  building  these  towers 
is  greater  than  it  would  be  to  pass  the 
cable  through  a  conduit  on  the  bed  of 
the  river,  the  company  concluded  to 
use  the  former  method  because  of  the 
leakage  expense  that  usually  attends 
submerged  lines. 

The  Locke  Insulator  Manufactur- 
ing Company,  Victor,  N.  Y.,  have 
placed  a  contract  with  Prof.  H.  B. 
Smith,  of  the  Worcester  Polytechnic 
Institute,  Worcester,  Mass.,  for  a 
200-K.  W.  300,000-volt  transformer, 
which  will  be  the  largest  very  high- 
potential  transformer  ever  built, 
though  its  voltage  will  be  less  than 
that  which  has  been  used  at  the  Poly- 
technic for  experimental  purposes. 
The  transformer  will  be  built  in  the 
Institute  shop,  which,  as  is  well 
known,  is  a  successful  commercial 
enterprise. 

The  Aultman  &  Taylor  Machinery 
Company,  of  Mansfield,  Ohio,  makers 
of  water-tube  boilers,  have  a  working 
exhibit  at  the  St.  Louis  Fair,  consist- 
ing of  eight  500-H.  P.  boilers,  carrying 
a  pressure  of  250  pounds ;  four  500- 
H.  P.  boilers  with  a  pressure  of  175 
pounds,  and  eight  400-H.  P.  boilers 
also  carrying  175  pounds  pressure. 
Three  other  vertical  boilers  are  of  250- 
H.  P.  each.  All  of  the  boilers  are  of 
the  "Cahall"  type,  are  fitted  with  the 
company's  chain-grate  stokers,  and  to- 
gether supply  over  25,000  horse- 
power. The  company  also  has  a  non- 
working  exhibit  in  the  Palace  of  Ma- 
chinery, showing  the  inside  construc- 
tion of  the  boilers. 

The  Canadian  Westinghouse  Com- 
pany, Limited,  of  Hamilton,  Ont., 
have  recently  closed  a  contract  to  fur- 
nish the  Shawinigan  Water  &  Power 
Company,  at  Shawinigan  Falls,  P.  O., 
with  a  6600-K.  W.,  two-phase,  2200- 
volt,  3600  alternations,  180  R.  P.  M. 
rotating  field  alternator,  for  direct 
connection  with  water  wheel.  Two 
2200-K.  W.  oil  insulated  water  cooled 
transformers,  2200-volt  primary,  50,- 
ooo-volt  secondary,  are  included  in 
this  contract. 

The  Mexican  Ligdit  &  Power  Com- 
pany, Limited,  of  Montreal,  Can.,  re- 
cently placed  in  the  United  States  an 
order  for  copper  cable  for  transmis- 
sion,   which    is    probably    the    largest 


single  order  for  transmission  cable 
ever  placed.  The  order  calls  for  1500 
miles  of  cable,  equal  in  carrying  capa- 
city to  No.  000  B.  &  S.  gauge,  and 
weighing  approximately  4,200,000 
pounds.  The  cable  is  to  be  used  on 
the  Nicaxia-Mexico  power  transmis- 
sion line,  now  under  construction,  and 
it  will  be  supported  on  steel  towers  in 
spans  of  500  feet.  The  length  of  the 
spans,  together  with  the  necessity  of 
reducing  the  dip  as  much  as  possible 
and  the  high  wind  pressure  to  be  with- 
stood, made  the  matter  of  cables  one  ot 
considerable  importance.  The  cable 
was  designed  by  W.  G.  Clark,  of  Seat- 
tle, Wash.,  electrical  engineer. 

The  Hartford  Blower  Company, 
Hartford,  Conn.,  has  received  an  or- 
der from  Sargent  &  Company,  New 
Haven,  Conn.,  for  the  installation  of 
a  system  for  collecting  shavings,  saw- 
dust, chips,  etc.,  from  wood-working 
machinery  and  conveying  them  to  the 
boiler  house.  Another  order  has  been 
received  from  the  Scovill  Manufactur- 
ing Company,  Waterbury,  Conn.,  for 
collecting  dust  from  crushing  ma- 
chinery. This  system  of  collecting 
waste  has  been  dealt  with  in  a  new 
catalogue  issued  by  the  Hartford 
Company,  entitled  "Dust  Collecting." 


New  Catalogues 

"Multiple  Voltage"  is  the  title  of  a 
new  bulletin  of  the  Bullock  Electric 
Manufacturing  Company,  Cincinnati, 
Ohio,  devoted  to  a  system  of  control 
for  variable  speed  motors  operating 
machine  tools.  The  system  is  de- 
scribed with  the  aid  of  diagrams 
showing  the  connections,  and  illus- 
trations are  given  of  several  installa- 
tions operated  on  the  multiple  voltage 
system.  The  controllers  used  with 
this  system  are  also  illustrated  and 
described,  the  results  of  lathe-turning 
tests  with  multiple  voltage  and  with 
rheostatic  control  are  tabulated,  and 
speed  and  horse-power  curves  are 
given  of  a  motor  operating  on  this 
system. 

A  new  catalogue  devoted  to  en- 
gines and  boilers  has  just  been  issued 
by  the  James  Leffel  &  Co.,  of  Spring- 
field, Ohio.  It  contains  illustrations 
and  descriptive  particulars  and  other 
data  of  interest  to  possible  purchasers 
of  that  kind  of  machinery. 

"Retail  Coal  Pockets"  is  the  title  of 
a  new  booklet  issued  by  the  Link- 
Belt  Engineering  Company,  of  Phila- 
delphia, Pa.  Several  illustrations 
show7  pockets  built  by  the  company, 
and  the  standard  arrangement  of 
structures  and  machinerv  for  the  re- 
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tail  coal  trade  is  described  and  shown 
in  numerous  diagrams.  The  same 
company  have  also  sent  out  a  booklet 
dealing  with  the  Renold  silent  chain 
gear.  The  method  of  construction  of 
the  chain  is  shown  and  described  in 
detail,  and  the  application  of  the  chain 
drive  to  various  classes  of  work  is 
likewise  illustrated. 

Electric  motor-driven  air  compres- 
sors, stationary  and  portable,  are  de- 
scribed in  a  new  pamphlet  issued  by 
the  National  Electric  Company,  of 
'  Milwaukee,  Wis.  Illustrations  are 
given  of  the  machinery,  together  with 
tables  of  dimensions  and  capacities, 
and  wiring  and  piping  diagrams  to 
show  the  arrangement  of  motor  and 
compressor  connections. 

"Dragon"  Portland  cement  is  the 
subject  of  a  new  publication  sent  out 
by  the  Lawrence  Cement  Company, 
of  Siegfried,  Pa.  The  booklet  con- 
tains a  variety  of  reports  of  tests  of 
"Dragon"  cement,  as  well  as  some 
general  information  of  use  in  cement 
work. 

A  catalogue  supplement  recently 
issued  by  Arthur  Koppel,  of  New 
York,  manufacturer  of  industrial, 
narrow  and  standard  gauge  railway 
materials,  illustrates  a  partial  list  of 
Baldwin  locomotives,  which  the  firm 
has  arranged  to  handle  in  connection 
with  its  railway  supply  business. 

Rubber  tires  are  illustrated  and  de- 
scribed in  a  catalogue  sent  out  by  the 
India  Rubber  Co.,  16  Warren  Street, 
New  York.  The  pamphlet  includes 
several  types  of  tires,  both  solid  and 
pneumatic,  now  in  general  use  on  au- 
tomobiles, bicycles,  carriages,  etc. 

Pumping  machinery  made  by  Fair- 
banks, Morse  &  Co.,  Chicago,  111.,  is 
illustrated  and  described  in  a  new  cat- 
alogue issued  by  that  firm.  The  book- 
let gives  particulars  of  various  types 
of  steam  and  power  pumps. 

The  Curtis  steam  turbine  is  the  sub- 
ject of  a  new  catalogue  sent  out  by  the 
General  Electric  Company,  Schenec- 
tady, N.  Y.  The  turbine  in  detail  and 
assembly  is  fully  illustrated  and  de- 
scribed in  this  pamphlet,  and  several 
diagrams  are  given  showing  its  ad- 
vantage in  the  economy  of  floor  space 
and  head  room  over  the  reciprocating 
engine.  Another  catalogue  by  the 
same  company  is  devoted  to  lightning 
arresters. 

The  latest  bulletin  of  the  Arnold 
Electric  Power  Station  Company.  Chi- 
cago, 111.,  is  devoted  entirely  to  a  de- 
scription of  the  Baring  Cross  shops  of 


the  St.  Louis,  Iron  Mountain  &  South- 
ern Railway.  The  specifications  for 
the  air,  power,  water,  lighting  and 
heating  systems  in  the  shops  were 
drawn  by  the  Arnold  Company,  who 
also  had  the  contract  for  the  installa- 
tion. A  similar  bulletin  has  been  is- 
sued describing  the  Omaha  shops  of 
the  Union  Pacific  Railroad. 

The  use  of  corrugated  steel  bars  as 
in  steel-concrete  construction  is  pro- 
fusely illustrated  in  a  catalogue  issued 
by  the  St.  Louis  Expanded  Metal 
Fireproofing  Company,  of  St.  Louis, 
Mo.  Formulae  also  are  given  for  cal- 
culating the  strength  of  steel-concrete 
beams,  and  tables  likely  to  be  of  use 
in  designing  work  of  this  class. 

A  series  of  ten  pamphlets  has  been 
issued  by  the  Electric  Controller  & 
Supply  Company,  of  Cleveland,  Ohio, 
each  pamphlet  devoted  to  a  special 
line  of  product.  Electric  railway  sup- 
plies are  embraced  in  the  first  five 
books,  the  remainder  dealing  with 
lifting  magnets,  magnetic  clutches 
and  other  electrical  appliances  for  in- 
dustrial use. 

Mechanical  draft  apparatus  is  de- 
scribed and  illustrated  in  a  new  cata- 
logue prepared  by  the  Hartford 
Blower  Company,  Hartford,  Conn. 
The  book  deals  with  a  variety  of  appa- 
ratus for  forced  and  induced  draft  for 
boilers  as  well  as  blowers  for  ventila- 
tion and  simdar  work. 

The  new  Hamilton-Corliss  vertical 
cross-compound  engine,  of  the  type 
on  exhibition  at  the  St.  Louis  Expo- 
sition, is  illustrated  and  described  in 
an  attractive  catalogue  just  issued  by 
the  builders,  the  Hooven,  Owens, 
Rentschler  Company,  of  Hamilton, 
Ohio.  General  and  sectional  views 
are  shown  as  well  as  details. 

Mine  haulage  and  the  adaptation  of 
the  electric  locomotive  to  this  class 
of  work,  is  discussed  in  a  new  publi- 
cation issued  by  the  General  Electric 
Company,  of  Schenectady.  N.  Y.  The 
little  volume  contains  abstracts  from 
various  articles  on  electric  mine  haul- 
age, and  is  well  illustrated  with  views 
showing  different  forms  of  electric 
mine  locomotives. 

Advance  sheets,  embodied  in  pam- 
phlet form,  of  a  new  catalogue  on  air 
compressors  have  been  issued  by  the 
Ingersoll-Sergeant  Drill  Company,  of 
New  York.  The  pamphlet  contains 
illustrations  of  many  of  the  various 
types  of  compressors,  accompanied  by 
tables  giving  dimensional  data  for 
each  class.  Several  views  of  installa- 
tions are  shown,  and  a  short  treatise 


on  heat  and  pressure  curves  for  com- 
pressed air  is  given.  Tables  of  air 
flow  in  mains,  and  of  capacity  re- 
quired to  operate  hoisting  engines, 
rock  drills  and  pumping  plants,  are 
also  contained  in  the  pamphlet. 

The  advantages  of  the  Nernst  lamp 
are  set  forth  in  a  new  pamphlet  just 
issued  by  the  Nernst  Lamp  Company, 
of  Pittsburg. 

Electric  mine  locomotives  for  gath- 
ering purposes  are  illustrated  and 
described  in  a  new  pamphlet  sent  out 
by  the  Jeffrey  Manufacturing  Com- 
pany, of  Columbus?  Ohio. 


A  Patent  Office   for  China 

IN  the  treaty  which  has  just  been 
ratified  between  the  United  States 
and  China,  the  United  States  Gov- 
ernment agrees  to  allow  subjects  of 
China  to  patent  their  inventions  in  the 
United  States  and  protect  them  in  the 
use  and  ownership  of  such  patents. 
The  government  of  China  also  agrees 
that  it  will  establish  a  patent  office. 
After  this  office  has  been  established 
and  especial  laws  with  regard  to  inven- 
tions have  been  adopted,  .t  will  there- 
upon, after  the  payment  of  the  pre- 
scribed fees,  issue  certificates  of  pro- 
tection, valid  for  a  fixed  term  of  years, 
to  citizens  of  the  United  States  on  aii 
their  patents  issued  by  the  United 
States  in  respect  to  articles,  the  sale  of 
which  is  lawful  in  China,  which  do  not 
infringe  on  previous  inventions  of  Chi- 
nese subjects,  in  the  same  manner  as 
patents  are  to  be  issued  to  subjects  of 
China. 


A  remarkable  instance  of  the  dura- 
bility of  electric  pumps  is  reported 
from  South  Africa,  where,  in  the  min- 
ing districts,  electricity  and  com- 
pressed air  are  fighting  for  supremacy. 
It  was  after  the  cessation  of  hostili- 
ties that  the  two  shafts  of  the  Knights 
Deep  mine  were  found  to  be  flooded 
out.  The  plant  and  other  apparatus 
had  been  left  just  as  they  were  before 
the  war  broke  out,  and  the  electric 
pumps  and  cables  which  were  used  at 
the  mine  had  been  under  water  for 
quite  two  and  one-half  years.  Not- 
withstanding, the  motors  were 
brought  out,  dried  and  set  to  work 
again.  The  firm  who  supplied  the 
motors  is  not  mentioned,  but  their 
name  deserves  to  be  placed  on  record. 


The  acceptances  of  membership  in 
the  International  Electrical  Congress 
of  September  12-17,  in  St.  Louis, 
number  1702,  and  over  160  specially 
invited  papers  are  promised  in  all. 


